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(54) LITHOGRAPHIC STRUCTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
lithographic structure with plural layers including an 
RCHX layer containing a material of the formula 
R:C:H:X (where R is one selected from the group 
comprising Si, Ge, B, Sn, Fe, Ti and a mixture of 
these and X is absent or one selected from the group , 
comprising O, N, S and F) as at least one layer and 
with a layer of an energy active material, a method for 
producing the structure and a method for utilizing the 
structure. 

SOLUTION: The RCHX layer is formed by vapor 
deposition, the energy active material is patterned to 
form a pattern and this pattern is transferred to the 
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RCHX layer. The RCHX layer is useful as a hard mask layer, an antireflection layer and a 
hard mask/antireflection layer. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Lithography structure equipped with two or more layers which are RCHX layers 
containing the ingredient with which at least one layer has structure-expression R:C:H:X (what R 
was chosen from Si, germanium, B, Sn, Fe, Ti, and the group that consists of such mixture, and was 
chosen from the group which X does not exist or consists of O, N, S, and F), and the layer of an 
energy activity ingredient. 

[Claim 2] Lithography structure according to claim 1 where said RCHX layer is vapor-deposited. 
[Claim 3] Lithography structure according to claim 1 of adhering to said each class on a semi- 
conductor, an insulator, a non-metallic conductor, a polymer, glass, a metal, and the substrate with 
which it was chosen from the group which it becomes from such combination. 
[Claim 4] Lithography structure according to claim 1 where said RCHX layer functions as a hard 
surface mask blank layer, an acid-resisting layer, and a hard surface mask blank / acid-resisting 
compound layer. 

[Claim 5] Lithography structure according to claim 1 where the reflection factor in the interface of 
said energy barrier layer and said RCHX layer is less than 0.01 . 

[Claim 6] Lithography structure according to claim 1 which is the hard surface mask blank which 
imprints a pattern into the ingredient chosen from the group which said RCHX layer becomes from 
Si, germanium, SiGe, an oxide, a nitride, and a metal. 

[Claim 7] Lithography structure according to claim 1 where said RCHX layers are 248nm, 193nm, 
157nm, 126nm, and the anti reflection coating in the wavelength chosen from the group which it 
becomes from extreme ultraviolet rays. 

[Claim 8] Lithography structure according to claim 1 chosen as the wavelength chosen from the 
group which said energy activity ingredient becomes from 248nm, 193nm, 157nm, 126nm, and 
extreme ultraviolet radiation and an electron ray, an ion beam, and X-ray irradiation from the 
constituent which has sensibility. 

[Claim 9] Lithography structure according to claim 3 minutely adjusted so that the refractive index 
and absorbancy index of said RCHX layer may be mostly in agreement with the refractive index of 
said energy activity ingredient and substrate and absorbancy index in the 1st interface of said RCHX 
layer and said substrate, and the 2nd interface of said RCHX layer and said energy activity 
ingredient. 

[Claim 10] Lithography structure according to claim 1 where said RCHX layer contains X of R of 
about 0 to about 95 atoms %, C of about 0 to about 95 atoms %, H of about 0 to about 50 atoms %, 
and about 0 to about 70 atoms %. 

[Claim 11] Lithography structure according to claim 9 where the thickness of said RCHX layer is 
almost uniform, it is optically uneven through the thickness which is said RCHX layer, and a 
refractive index and an absorbancy index have inclination. 

[Claim 12] Said refractive index sets on 248nm, 193nm, 157nm, 126nm, and the wavelength of 
extreme ultraviolet rays, and is the lithography structure according to claim 9 which can be adjusted 
in between [ about 1 .4 to about 2.6 ]. 

[Claim 13] Said absorbancy index sets on 248nm, 193nm, 157nm, 126nm, and the wavelength of 
extreme ultraviolet rays, and is the lithography structure according to claim 9 which can be adjusted 
in between [ about 0.01 to about 0.78 ]. 
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[Claim 14] Said absorbancy index sets on 248nm, 193nm, 157nm, 126nm, and the wavelength of 
extreme ultraviolet rays, and is the still more desirable lithography structure according to claim 13 
which can be adjusted in between [ about 0.15 to about 0.6 ]. 

[Claim 1 5] Lithography structure according to claim 9 which said refractive index is adjusted by 
about 1 .5 so that it may be mostly in agreement with the refractive index of said front face of said 
substrate in said 1st interface, and is adjusted by about 1 .8 so that it may be mostly in agreement 
with the refractive index of said energy activity ingredient with which it contacts in said 2nd 
interface. 

[Claim 16] Lithography structure according to claim 9 which said absorbancy index is adjusted by 
about 0.5 so that it may be mostly in agreement with the absorbancy index on said front face of main 
of said substrate in said 1 st interface, and is adjusted by about 0.1 so that it may be mostly in 
agreement with the absorbancy index of said energy activity ingredient with which it contacts in said 
2nd interface. 

[Claim 1 7] Lithography structure according to claim 1 where said RCHX layer functions as pars- 
basilaris-ossis-occipitalis antireflection coating. 

[Claim 1 8] Lithography structure according to claim 1 where said energy activity ingredient is the 
resist amplified chemically. 

[Claim 19] It is the lithography structure according to claim 1 in which pattern formation and 
removal are possible by reactive ion etching in the inside of the plasma containing at least one 
chemical species chosen from the group which said RCHX layer becomes from oxygen, a fluorine, 
chlorine, a bromine, hydrogen, and such mixture. 

[Claim 20] Optical, chemical, and lithography structure according to claim 1 where remarkable a 
physical characteristic is not influenced by exposure to the given exposure of said ingredient which 
has structure-expression R:C:H:X. 

[Claim 21] Lithography structure according to claim 1 where the range of the thickness of the layer 
of said energy activity ingredient is 500 to 6000A. 

[Claim 22] Lithography structure according to claim 1 where the dirty selectivity over said RCHX 
layer of said energy activity ingredient is larger than 1:1. 

[Claim 23] Lithography structure according to claim 3 where the dirty selectivity over said substrate 
of said RCHX layer is larger than 1 :3. 

[Claim 24] Lithography structure according to claim 1 which contains further the nitride layer of one 
layer, the oxide layer of one layer, or its both under said RCHX layer. 

[Claim 25] Lithography structure according to claim 2 vapor-deposited by the radiation assistant 
technique chosen from the group which said RCHX layer becomes from chemical vacuum 
deposition, the high density plasma, sputtering, an ion beam, an electron ray, and a laser assistant 
technique. 

[Claim 26] Lithography structure according to claim 6 where said lithography structure is used for 
electron beam lithography, ion beam lithography, and X ray lithography. 

[Claim 27] The substrate which has a front face, and on said front face, on an oxide layer and said 
oxide layer A nitride layer, It has an admiration energy layer on an oxide layer and said oxide layer 
on said nitride layer at said RCHX layer and RCHX layer top. said RCHX layer — structure- 
expression R:C:H:X (R — Si, germanium, B, and Sn — ) It is the lithography structure equipped with 
the layer of the ingredient which has what was chosen from the group which X does not exist or 
consists of O, N, S, and F, and an energy activity ingredient by being chosen from Fe, Ti, and the 
group that consists of such mixture. 

[Claim 28] The substrate which has a front face, and on said front face, on an oxide layer and said 
oxide layer A nitride layer, It has an admiration energy layer on a RCHX layer and said RCHX layer 
on said nitride layer, said RCHX layer ~ structure-expression R:C:H:X (R — Si, germanium, B, and 
Sn — ) It is the lithography structure equipped with the layer of the ingredient which has what was 
chosen from the group which X does not exist or consists of O, N, S, and F, and an energy activity 
ingredient by being chosen from Fe, Ti, and the group that consists of such mixture. 
[Claim 29] The substrate which has a front face, and on said front face, on an oxide layer and said 
oxide layer A RCHX layer, said RCHX layer top — an admiration energy layer — having — said 
RCHX layer - structure-expression R:C:H:X (R - Si -) It is the lithography structure equipped with 
the layer of the ingredient which has what was chosen from the group which X does not exist or 
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consists of O, N, S, and F, and an energy activity ingredient by being chosen from germanium, B, 
Sn, Fe, Ti, and the group that consists of such mixture. 

[Claim 30] It has an admiration energy layer on a RCHX layer and said RCHX layer the substrate 
which has a front face, and on said front face, said RCHX layer — structure-expression R:C:H:X (R - 
- Si, germanium, B, and Sn --) It is the lithography structure equipped with the layer of the ingredient 
which has what was chosen from the group which X does not exist or consists of O, N, S, and F, and 
an energy activity ingredient by being chosen from Fe, Ti, and the group that consists of such 
mixture. 

[Claim 31] said substrate — a semi-conductor, a metal, and a nonmetal ~ the lithography structure of 
claims 27, 28, and 29 or any one publication of 30 chosen from the group which consists of a 
conductor, a ceramic, glass, and a polymer substrate. 

[Claim 32] Claims 27, 28, and 29 by which the pattern was formed into said lithography structure, or 
lithography structure of any one publication of 30. 

[Claim 33] the front-face top of a substrate — at least one layer — structure-expression R:C:H:X (R — 
Si --) It is chosen from germanium, B, Sn, Fe, Ti, and the group that consists of such mixture. X is an 
approach containing the step which two or more layers which are RCHX layers containing the 
ingredient which has what was chosen from the group which does not exist or consists of O, N, S, 
and F are made to adhere, and adheres an energy barrier layer to the maximum upper layer of two or 
more of said layers. 

[Claim 34] The approach according to claim 33 which a RCHX layer vapor-deposits. 

[Claim 35] The approach according to claim 33 vapor-deposited by the radiation assistant technique 

chosen from the group which a RCHX layer becomes from chemical vacuum deposition, the high 

density plasma, sputtering, an ion beam, an electron ray, and a laser assistant technique. 

[Claim 36] The approach according to claim 35 to which PECVD adheres from the precursor which 

a RCHX layer becomes from at least one kind chosen from the group which consists of a silane, an 

alkyl silane, an aryl silane, germane, alkyl germane, aryl germane, and ring type germane, and the 

precursor containing Si-O, germanium-O association, and such mixture. 

[Claim 37] The approach according to claim 35 to which a RCHX layer is made to adhere from 
oxygen, nitrogen oxide, nitrogen, a fluorine, sulfur, and the precursor mixture that contains at least 
one of the hydrogen further. 

[Claim 38] The approach according to claim 36 a precursor is a tetramethylsilane. 

[Claim 39] The approach according to claim 36 a precursor is tetramethyl germane. 

[Claim 40] The approach according to claim 33 of containing further the step which etches a pattern 

in said two or more layers. 

[Claim 41] The approach according to claim 40 of forming, when said pattern imprints said pattern 
as a mask in the remaining layers of two or more of said layers using said pattern of said energy 
barrier layer, after forming a pattern into said energy barrier layer first. 

[Claim 42] The approach according to claim 33 said RCHX layer functions as antireflection coating, 
a hard surface mask blank, and antireflection coating / hard surface mask blank compound layer. 
[Claim 43] The approach according to claim 33 said hard surface mask blank/antireflection coating 
are the bottom members covered with said energy barrier layer. 

[Claim 44] The approach according to claim 33 the reflection factor in the interface of said energy 
barrier layer, and said pars-basilaris-ossis-occipitalis hard surface mask blank / acid-resisting layer is 
about 0.01. 

[Claim 45] The approach according to claim 33 said energy barrier layer contains 248nm, 193nm, 
157nm, 126nm, extreme ultraviolet radiation and an electron ray, an X-ray, and the ingredient 
chosen from the group to which it becomes an ion beam exposure from the constituent which has 
sensibility. 

[Claim 46] The approach according to claim 33 refractive indexes is [ said RCHX layer ] about 1.4 
thru/or about 2.6 to 248nm, 193nm, 1 57nm, 126nm, and radiation of extreme ultraviolet rays, and 
absorbancy indexes are about 0.01 thru/or about 0.78. 

[Claim 47] The method according to claim 33 of adjusting minutely the refractive index and 
absorbancy index of said RCHX layer so that it may be mostly in agreement with the refractive 
index of said RCHX layer and substrate and absorbancy index in the 1st interface of said RCHX 
ingredient layer and said substrate, and the 2nd interface of said RCHX layer and said energy barrier 
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layer. 

[Claim 48] The approach according to claim 41 of imprinting in said RCHX layer by reactive ion 
etching in the inside of the plasma containing at least one of the groups which consist said formed 
pattern of oxygen, a fluorine, chlorine, a bromine, hydrogen, and such mixture. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to structure and an approach useful to manufacture of 
an integrated circuit (IC) and the structure of having two or more layers especially. This invention 
still more specifically relates to the vapor-deposited silicon containing the ingredient which functions 
as the antireflection coating for the lithography of high resolution, a hard surface mask blank, and 
compound antireflection coating / hard surface mask blank which can be adjusted, germanium, 
boron, tin, iron or titanium, and such mixture. Such ingredient and its structure are applicable to 
optical lithography (248nm, 193nm, 157nm, 126nm) and extreme ultraviolet-rays lithography 
(EUV), electron ray (e-beam) lithography, an ion beam, and X ray lithography. 
[0002] 

[Description of the Prior Art] In the industry, the degree of integration of equipment is raised and 
reducing the geometric dimension of equipment to coincidence from the need of maintaining 
contention of cost and the engine performance, by production of a semiconductor device is being 
continued. In order to make the miniaturization of equipment easy, a new lithography ingredient, a 
process, and equipment are considered. Research is done in order that current and 248nm lithography 
may print a less than 200nm feature. For this reason, the equipment which raised numerical aperture 
(NA) is appearing. Although resolution will be improved if NA becomes high, the depth of focus of 
the image of the air projected on a resist becomes shallow. Since the depth of focus becomes 
shallow, the resist which made thickness thin is needed. The effectiveness as a mask for imprinting 
an image to a lower layer substrate decreases by consecutive dry etching as the thickness of a resist 
decreases, namely, -- all - coming out - even if there is nothing, almost all resists are lost by etching 
at a consecutive pattern imprint process. If there is no remarkable improvement in the dirty 
selectivity which the present monolayer resist (SLR) shows, the lithography and the dirty property of 
high resolution required for lithography cannot be acquired by these systems. 
[0003] Another trouble of a monolayer resist system is control of a critical size (CD). It is known 
well that reflection of the substrate in ultraviolet rays (UV) and far-ultraviolet-rays (DUV) 
wavelength will produce notching of the standing wave effectiveness and the resist which restrict CD 
control of a monolayer resist highly. It is generated by the configuration of a substrate, and reflection 
of an uneven substrate, and notching becomes the cause by which the exposure energy on a resist 
changes locally. A standing wave is the periodic change of the luminous intensity of the whole thin 
film interference (TFI), i.e., the thickness of a resist. Since thickness changes by the lower layer 
whole topography with flattening of a resist, fluctuation of such a light is introduced. Thin film 
interference plays main roles in CD control of a monolayer photoresist process, and a slight change 
of an optical layer also produces a large change in effective exposure dosage. Thin film cross 
protection is indicated in T. BURUNNA (T.Brunner), "optimization (Optimization of optical 
propertiesof resist processes) of the optical property of a resist process", SPIE ******, Vol.1466, 
and p. 1991 [ 297 or ], and the instruction is attached to this specification as reference. 
[0004] In order to decrease thin film interference, the pars-basilaris-ossis-occipitalis acid-resisting 
layer (Bottom anti-reflective coating), i.e., BARC, is used for the monolayer resist. However, these 
thin absorption BARC has a fundamental limitation. These ingredients are usually applied by spin 
coating. The thickness of BARC and a resist is uncontrollable for a precision required to operate it 
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by target thickness, in order to make reflection into the minimum. The thickness of a resist may be 
changed also by the existing topography. As for the lower layer coat with thin silicon nitride, silicon 
oxide, etc., thickness tends to become an ununiformity after adhesion. Generally thin BARC cannot 
carry out flattening of this lower layer thin coat effectively. Consequently, fluctuation is produced to 
the exposure energy to a resist. Although it tends to decrease topography by chemical machinery 
polish recently, remarkable fluctuation still arises in the thickness of the coat on topography. 
[0005] Current examination of the BARC made to adhere by plasma enhancing chemical vacuum 
deposition (PECVD) etc. is carried out. The artificer of this invention devised the example by the 
carbon ARC made to adhere by PECVD. Drawin g 1 and drawing 2 are RCHX which applied the thin 
resist of the base of 3400A to the top face of BARC / the monolayer resist method ( drawin g 1 ), and 
a thick RCHX hard surface mask blank layer. The comparison of the curve (swing) on which ARC / 
the hard surface mask blank method ( drawin g 2 ) vibrates is shown. (The vibrating curve plots a 
reflection factor to the thickness of a resist.) A gain (swing ratio) is the vibrating curved peak, 
change of a trough, and the ratio of the average. RCHX is the formula of R:C:H:X, R is chosen from 
Si, germanium, B, Sn, Fe, Ti, and the group that consists of such mixture, X is chosen from the 
group which consists of O, N, S, F, and such mixture, and existence of X is arbitrary. The result of 
dr awin g 1 and drawin g 2 is obtained by two kinds of substrates, i.e., silicon, and the simulation of 
Si02. The reflection factor in 248nm as a function of the thickness of a resist was measured in the 
interface of a resist and air. The structure (continuous line of drawin g 1 ) which the monolayer resist 
simulated contains the photoresist of the pars basilaris ossis occipitalis ARC whose thickness of Si 
substrate, n= 1 .9 in 248nm, and k= 0.42 is 900A and n= 1 .8 in 248nm, and k= 0.02. The optical 
constant of a pars basilaris ossis occipitalis ARC is PECVD. It is the typical value of ARC. Drawin g 
2 shows that about 2% of gain can be attained on a silicon substrate by using the pars basilaris ossis 
occipitalis ARC whose thickness of n= 1 .9 and k= 0.42 is 900A. 

[0006] Similarly, the simulated silicon and the two-layer structure on SiO two-layer are shown in 
drawing 2 . This structure is RCHX whose thickness of Si substrate, n= 1 .78 in 248nm, and k= 0.22 
is 41 66 A. An ARC hard surface mask blank layer and n= 1.78 in 248nm, and the thin DUV resist of 
k= 0.01 are included. Less than 4% of gain was obtained like the process which uses thin ARC with 
the ARC-hard surface mask blank structure on Si substrate (continuous line of drawing^ ). In order 
to show that ARC is dependent on lower layer topography, Si02 with a thickness of 500A was made 
to adhere on a silicon substrate ( drawin g 1 and dotted line of drawing^ )• A hard surface mask 
blank / thin resist structure was not influenced of lower layer topography to depending for monolayer 
resist structure on lower layer reflection factor and topography of a substrate very much so that it 
might see by drawin g 1 . Large fluctuation of the reflection factor of about 1 8% in the gain which 
can be interpreted as fluctuation of direct CD was observed by the SLR structure of having the lower 
layer of an oxide (dotted line of drawing 1 ). Fluctuation of this reflection is directly equivalent to 
fluctuation of CD, and it is about 18% as a function of the thickness of a resist, and even if it is on a 
monolayer substrate, it does not meet **10% of line breadth management criteria. On the contrary, 
most fluctuation of a reflection factor was not looked at by a hard surface mask blank / thin resist 
structure (dotted line of drawing J2 ). About the simulated hard surface mask blank / thin resist 
structure, less than 4% of gain was obtained regardless of the reflection factor of a lower layer 
substrate. In the whole range of data, **10% of line breadth management criteria are met easily. 
Therefore, it was concluded from the optical standpoint that thick ARC / hard surface mask blank 
structure were more advantageous than SLR structure. 

[0007] Plasma etching is used in order to imprint the less than 0.25-micrometer feature developed in 
SLR in lower layer oxide, nitride, or polish recon layer. Before imprinting a pattern to a lower layer 
substrate, it must imprint through BARC used for decreasing thin film interference first. The typical 
dirty gas for BARC disconnection is N2/02-/fluorocarbon plasma. Even if the dirty selectivity 
between a resist and BARC is good, it is 1:1. Loss of SLR will become 900A if the BARC layer 
whose thickness is 900A is assumed. Thus, loss of a remarkable resist arises between BARC 
puncturing (open). 

[0008] The system which combined SLR and BARC must be used for lower layer next etching as a 
mask. It is an attribute desirable into the ingredient of a mask that there are not almost a strain of a 
late dirty rate and the minimum profile (for example, faceting) and a dry area with a detailed resist 
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front face. Furthermore, between BARC puncturing, a filament is generated, this is imprinted by the 
lower layer and SLR looks like "the husks of a scallop." The scallop pattern of a lower layer oxide, a 
nitride, or Si ingredient, i.e., generating of a detailed crack, causes effects which are not desirable, 
such as a fall of the resolution of a contact, and degradation of the engine performance of equipment, 
and it reduces the mobility of a charge carrier by diffusion. 

[0009] In order to acquire the best lithography property, it is desirable to make a resist as thin as 
possible. Thereby, resolution becomes high and the better process window in the specific depth of 
focus is obtained. However, if a resist is made thin, a dirty property required to imprint a resist 
pattern to a lower layer substrate will no longer be acquired. Between BARC disconnection, loss of a 
remarkable resist arises with a crack and a dry area. This problem becomes so serious that the 
thickness of the resist at the time of initiation is small. Thus, in the SLR resist which has current 
BARC, solution of the integrated lithography / etching for the lithography which progressed is not 
obtained. 

[0010] In order to solve a part of limitation of a monolayer resist, the two-layer resist, the three-layer 
resist system, and the thin film imaging technique including top-face imaging (TSI) have been 
developed. Suitable absorption on the exposure wavelength which functions considering a thin resist 
including Si functionality for dirty-proof nature as BARC, and the top face of the thick polymer 
layer which has the suitable dirty-proof nature for substrate etching are coated with two-layer 
structure. However, this technique offers a big advantage to each imprint for a thick resist and a 
lower layer laminating. However, it may be very difficult to incorporate Si in imaging resist 
structure resolution may be limited, and the engine performance of such a resist system may tall. All 
of these thin film imaging techniques are complicated, and they are more expensive than a current 
monolayer resist process. 

[001 1] It is desirable to develop the thin resist process that the excellent lithography engine 
performance is obtained and the suitable dirty-proof nature which enables the effective pattern 
imprint to a lower layer substrate is obtained. For this reason, improved BARC with the dirty 
selectivity better than organic [ current / BARC ] over a resist is required, this BARC -- (1) -- it is 
required for there to be no interaction with a resist including the residue which it has the suitable 
optical property which functions as ARC suitable for suitable wavelength, and good dirty selectivity 
( 1 1 is exceeded) is acquired to (2) resists, and restricts the overall lithography engine performance 
of (3) resists, a footing, and an undercut. Moreover, as for BARC it is also desirable to function as 
lower layer oxide, a nitride, and a hard surface mask blank ingredient suitable for etching of Si 
[0012] On these specifications, the improved resist process containing the resist applied to the top 
face of the ingredient containing the vapor-deposited silicon, germanium, boron, tin, iron, and 
titanium is indicated. These ingredients have the suitable optical property which functions as BARC 
on the wavelength (1) Given. (2) Form residue, a footing, and an undercut like acid silicon nitride 
BARC It does not interact to a resist and minus and dirty selectivity is improved as compared with 
BARC of (3) former, thereby, use of a resist thinner than the conventional BARC is possible, the 
dirty selectivity to (4) oxide / nitride is excellent, and BARC functions also as a hard surface mask 
blank. N 
[P?dblem(s) to be Solved by the Invention] The purpose of this invention is to offer the improved 
[WMrolnerpurposes of this invention are to offer the improved resist structure which is formed 

[OoTsTothe^^^^^ invention are to offer the resist structure which is the layer which can 

adjust a bottom member of having two or more layers. 

[00161 Other purposes of this invention have a bottom member in offenng the resist structure that an 
optical property and a chemical presentation can be adjusted and of having two or more fyers. 
[0017] Other purposes of this invention have a bottom member in offenng substantially the resist 
structure without a resist layer and an interaction of having two or more layers. 
r00181 Other purposes of this invention are to propose formation of the pars-basilans-ossis- 
occipitalis flattening layer by vacuum evaporationo. As compared with the polymer coat by which 
the vapor-deposited coat is generally used for two-layer and three-layer resist structure and which 
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carried out spin coating, optical purity and adjustment possibility are increasing sharply. 

[0019] Other purposes of this invention have a bottom member in offering substantially the resist 

structure of having two or more layers without a resist layer and an interaction expanded chemically. 

[0020] Other purposes of this invention are to offer the resist structure which consists of a resist of 
the top face of the vapor-deposited RCHX coat. R is chosen from Si, germanium, B, Sn, Fe, Ti, and 
the group that consists of such mixture by the formula, X is chosen from the group which consists of 
mixture of O, N, S, F, and these elements, and existence of X is arbitrary. 

[0021] Other purposes of this invention are to offer the resist structure which consists of a resist of 
the top face of the vapor-deposited RCHX coat, this coat — (1) — it has the suitable optical property 
which functions as BARC suitable for suitable wavelength, and there is no interaction with a resist 
including (2) residue, a footing (footing), and an undercut, and it has good dirty selectivity to (3) 
resists. 

[0022] Other purposes of this invention are to offer the resist structure which consists of a resist of 
the top face of the vapor-deposited RCHX coat, this coat - (1) - it has the suitable optical property 
which functions as BARC suitable for suitable wavelength, and there is no interaction with a resist 
including (2) residue, a footing, and an undercut, and it has good dirty selectivity to (3) resists, and 
has the good dirty selectivity over the oxide, nitride, and Si layer of (4) lower layers. 
[0023] Other purposes of this invention are to offer the resist structure applicable to optical 
lithography (248nm, 193nm, 157nm, 126nm) and extreme ultraviolet-rays lithography (EUV), 
electron ray (e-beam) lithography, ion beam lithography, and X ray lithography which consists of a 
resist of the top face of the vapor-deposited RCHX coat. 

[0024] Other purposes of this invention are to offer the method of having an optical property 
required on various kinds of imaging wavelength (248, 193, 157 or 126nm, and extreme ultraviolet 
rays) functioning as ARC to which a RCHX coat is made to adhere. R is chosen from Si, 
germanium, B, Sn, Fe, Ti, and the group that consists of mixture of these elements by the formula, X 
is chosen from the group which consists of mixture of O, N, S, F, and these elements, and existence 
of X is arbitrary. Controlled modification in an adhesion process can adjust the optical property (n), 
i.e., the refractive index, and absorbancy index (k) of these coats. 

[0025] other purposes of this invention - (1) -- it is in offering the method of having the suitable 
optical property which functions as BARC suitable for suitable wavelength, and there being no 
interaction with a resist including (2) residue, a footing, and an undercut, and having good dirty 
selectivity to (3) resists to which a RCHX coat is made to adhere. R is chosen from Si, germanium, 
B, Sn, Fe, Ti, and the group that consists of mixture of these elements by the formula, X is chosen 
from the group which consists of mixture of O, N, S, F, and these elements, and existence of X is 

arbitrary. . 
[0026] other purposes of this invention - (1) - it is in offering the method of having the suitable 
optical property which functions as BARC suitable for suitable wavelength, there being no 
interaction with a resist including (2) residue, a footing, and an undercut, having good dirty 
selectivity to (3) resists, and having the good dirty selectivity over the oxide, nitride, and Si layer of 
(4) lower layers to which a RCHX coat is made to adhere. R is chosen from Si, germanium, B, Sn, 
Fe, Ti, and the group that consists of mixture of these elements by the formula, X is chosen from the 
group which consists of mixture of O, N, S, F, and these elements, and existence of X is arbitrary. 
[0027] Other purposes of this invention are to adhere by the plasma enhancing chemical vacuum 
deposition (PECVD) which uses methylsilanes, such as a trimethyl silane (3MS), a tetramethylsilane 
(TMS), tetramethyl cyclotetrasiloxane, or octamethylcyclotetrasiloxane. 

[0028] Other purposes of this invention are to adhere by the plasma enhancing chemical vacuum 

deposition (PECVD) which uses methyl germane, such as tetramethyl germane (TMG). 

[0029] Other purposes of this invention are to adhere by the plasma enhancing chemical vacuum 

deposition (PECVD) which uses the mixture of methylsilanes and methyl germane with the mixture 

of the precursors containing fluorines containing the nitrogen containing oxygen, such as 02 and 

N20, such as a precursor and NH3, such as a precursor and C6F6, or these precursors. 

[0030] Other purposes of this invention are the imprints of the image by the dry etching to lower 

layer oxide, next nitride, or next Si substrate, and are to offer the approach to which the RCHX coat 
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which can be used as a hard surface mask blank is made to adhere by vacuum evaporationo. 

[003 1 ] The purpose of this invention is RCHX. The optical property of an ARC-hard surface mask 

blank, chemical property, and a physical characteristic are to offer the resist structure controlled by 

the adhesion process adjusted appropriately of having two or more phases. 

[0032] The purpose of this invention has an optical property, chemical property, and a physical 

characteristic in offering the R:C:H:X hard surface mask blank ingredient which is not remarkably 

influenced by the given exposure. 

[0033] 

[Means for Solving the Problem] The large mode of this invention is the resist structure of having a 
resist on the top face of the vapor-deposited RCHX coat. R is chosen from Si, germanium, B, Sn, Fe, 
Ti, and the group that consists of mixture of these elements by the formula, X is chosen from the 
group which consists of mixture of O, N, S, F, and these elements, and existence of X is arbitrary. 
[0034] that the RCHX coat of the large mode of this invention is optical, and chemical property -- 
(1) -- it is the resist structure which it has the suitable optical property which functions as ARC 
suitable for suitable wavelength (248, 193, 157 or 126nm, and extreme ultraviolet rays), and there is 
no interaction of minus with a resist including (2) residue, a footing, and an undercut, and was 
adjusted so that it might have good dirty selectivity to (3) resists of having a resist on the top face of 
the vapor-deposited RCHX coat. R is chosen from Si, germanium, B, Sn, Fe, Ti, and the group that 
consists of mixture of these elements by the formula, X is chosen from the group which consists of 
mixture of O, N, S, F, and these elements, and existence of X in a coat is arbitrary. 
[0035] that the RCHX coat of the large mode of this invention is optical, and chemical property -- 
(1) - suitable wavelength (248 and 193 - 157 or 126nm) And it has the suitable optical property 
which functions as ARC suitable for extreme ultraviolet rays. (2) There is no interaction of minus 
with a resist including residue, a footing, and an undercut. (3) It is the resist structure adjusted so that 
it might have good dirty selectivity to a resist, and might function as (4) hard surface mask blanks 
and might have the good dirty selectivity over lower layer oxide, nitride, and Si layer of having a 
resist on the top face of the vapor-deposited RCHX coat. R is chosen from Si, germanium, B, Sn, Fe, 
Ti and the group that consists of mixture of these elements by the formula, X is chosen from the 
group which consists of mixture of O, N, S, F, and these elements, and existence of X in a coat is 

To036]ThQ mode of specification [ other pans of this invention ] is an approach to which a RCHX 
coat is made to adhere. R is chosen from Si, germanium, B, Sn, Fe, Ti, and the group that consists of 
mixture of these elements by the formula, and X is chosen from the group which consists of mixture 
ofO N S F and these elements. Optical [ these coats ], chemical, and controlled modification [ in / 
in a ihysicaf characteristic / an adhesion process ] can adjust easily. The coat formed here has the 
refractive index n adjusted separately and an absorbancy index k so that it may function as ARC by 
248 193 157 or 126nm, and radiation of extreme ultraviolet rays. 

[0037] It'is the approach to which the RCHX coat which has the refractive index n which specific 
modes are 248, 193, 157 or 126nm, and radiation of extreme ultraviolet rays, and was separately 
adjusted to other pans of this invention, and an absorbancy index k is made to adhere. In 248, 193, 
and 1 57nm, a refractive index n can be adjusted to about 1 .5-2.2, and an absorbancy index k can still 
more specifically be adjusted to about 0.01-0.5. 

[0038] c . . . 

[Embodiment of the Invention] Typical resist structure consists of resists on the top tace ot 
antireflection coating ARC. Exposure / development back is minded for this resist, ARC is minded 
for an image, and then it imprints through lower layer oxide, nitride, or silicon layer. By the newest 
lithography method, the thickness of a resist is usually 5000A order. While ARC is punctured, since 
the highest is also 1 : 1 as for the dirty selectivity of a resist and ARC, a remarkable resist is lost. 
Since the dimension of the minimum feature is continuing reduction, while making a resist thin and 
raising resolution, it is desirable to improve the tolerance (exposure and focal latitude) of a process. 
However, the problem of etching will be produced if a resist is made thin to less than 5000A. That is, 
it is because a resist stops functioning enough as a dirty mask of imprint etching to oxide, a next 
nitride or next Si layer. While ARC is punctured in addition to this problem, there is a fact that a 
remarkable resist is lost. In order to solve this problem, the artificer of this invention indicates the 
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improved resist structure which consists of resists on the top face of vacuum evaporationo ARC 
improved on these specifications. The dirty selectivity over a resist is improved sharply (> 1:1), and 
like the property of the acid silicon nitride ARC, this ARC means minus which produces a footing, 
an undercut, or residue, and does not produce an interaction with a resist. In addition to the optical 
property of vapor-deposited ARC, it can adjust by changing an adhesion process. Furthermore, it can 
adjust in the thickness of a coat and ARC which has inclination by this can be formed. About oxide, 
a nitride, and the imprint by etching to Si, since vacuum evaporationo ARC has the good dirty 
selectivity over oxide, a nitride, and Si at the last, it functions on it also as a hard surface mask blank. 
By the improvement of dirty selectivity to a resist, a resist can be made thin to less than 5000A now. 
Moreover, it is also possible to operate the vapor-deposited ingredient as a compound ARC-hard 
surface mask blank. 

[0039] Existence of X is arbitrary, although an ingredient useful to operation of this invention has 
the presentation of R:C:H:X, it is this formula, R is chosen from Si, germanium, B, Sn, Fe, Ti, and 
the mixture of these elements and X is chosen from O, N, S, F, and the mixture of these elements. 
[0040] A resist / RCHX structure is shown in drawin g 3 . Drawin g^ is the schematic diagram in 
which having given inclination to or showing the RCHX resist structure of having the layer which 
can be adjusted. In this case, the optical property of a RCHX coat is adjusted in the thickness of a 
coat. Layer-like ARC-hard surface mask blank structure is formed by adjusting the parameter of a 
process either of the presentations of a precursor, or both by Si, germanium, B, suitable Sn and 
suitable Fe, and the vacuum evaporationo approach which uses Ti precursor. These added either or 
the plurality containing nitrogen, oxygen, and a fluorine of a precursor, or are made to adhere from 
the methylsilane which is not added in the case of a Si:C:H:X coat. 

r0041] the desirable atomic % range of R - desirable - below 95 atom % - more - desirable - 0.5 
to 95 atom % - most - desirable - one to 60 atom % - it is five to 50 atom % most preferably to 

rOO^Uhe desirable atomic % range of C - desirable - below 95 atom % - more - desirable - 0.5 
to 95 atom % - most - desirable - one to 60 atom % - it is five to 50 atom % most preferably to 

[OO^tthe desirable atomic % range of H - desirable - below 50 atom % - more - desirable - 0.5 
to 50 atom % - most - desirable - one to 40 atom % - it is five to 30 atom % most preferably to 

rOO^Uhe case where O is included as X - the desirable atomic % range of O - desirable - below 
70 atom % - more - desirable - 0.5 to 70 atom % - most - desirable - one to 40 atom /o - it is 
five to 30 atom % most preferably to altitude. , u u 

r 00451 The RCHX coat formed by this invention can adjust a refractive index and an absorbancy 
index so that it may be in agreement with the optical property of a substrate and an imaging resist 
and inclination can be attached to arbitration along with the thickness of a coat. The optical I Property 
and lithography property in DUV of the coat formed by this invention the ingredient (TEOS, BSC) 
of an oxide mold, and the ingredient (H. - C. Lee (H. C.Lee) -) of a nitride mold 
J Vac Sci.Technol., Vol.16, No.5, P.2763, 1998, and J.F. REMBETSUKI (J F ; Re ™ b ^ S °' ld , 
State Technol Vol 38, No.3, p.67. 1 995, etc. are far superior to what was obtained with other hard 
surface mask bl^ ingredient Thus, Si substrate coated with the thick flattening ARC-hard surface 
mask blank R:C:H:X ingredient of this invention decreases dramatically 248, 193, the thin film 
active jamming in 157nm, and a substrate reflection factor, therefore improves c ^ control This 
SiS X "gre g dient is indicated by "HYDROGENATED OXIDIZED SILICON CARBON 
MATERIAL" (U.S. application numbers 09/107567), such as A. grill (A.Gnll) for which it applied 
as Y0998245P in the U.S. on June 29, 1998, and that instruction is attached to this specification as 

reference • 
r00461 the coat of this invention - plasma enhancing chemical vacuum deposition (PEC VD) -- it can 
U made to adhere by law one approach - PECVD - law is performed in a paral el-pole reactor and 
a substrate is placed on one of the electrodes. With the following operation gestalt, a substrate is 
placed on the electrode which supplied the power in a parallel-pole PECVD reactor, therefore 

obtains negative bias. . , . 

[0047] The following is a list in which the example to which an operation gestalt is not restricted is 
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shown. A SiCH coat is made to adhere on condition that the following with the 1 st operation gestalt. 
precursor: -- tetramethylsilane reactor pressure [ of rate-of-flow lOsccm ]: ~ 200mm torr substrate 
temperature: -- 60-degree-C substrate bias: -200 ~ V [0048] A SiCOH coat is made to adhere on 
condition that the following with the 2nd operation gestalt. 

Precursor: To the tetramethylsilane of rate-of-flow lOsccm, it is oxygen of rate-of-flow 2sccm 
Mixing reactor pressure:200 mm torr substrate temperature: 180 degree-C substrate bias:-200V[0049] 
A SiCH coat is made to adhere on condition that the following with the 3rd operation gestalt. 
precursor: ~ trimethyl silane reactor pressure [ of rate-of-flow lOsccm ]: - 200mm torr substrate 
temperature: - 60-degree-C substrate bias: -200 - V [0050] A SiCOH coat is made to adhere on 
condition that the following with the 4th operation gestalt. 

Precursor: It is oxygen of rate-of-flow 2sccm to the trimethyl silane of rate-of-flow lOsccm Mixing 
reactor pressure:200 mm torr substrate temperature:60 degree-C substrate bias:-200V[0051] A 
SiCOH coat is made to adhere on condition that the following with the 5th operation gestalt. 
Precursor: Tetramethyl tetrapod siloxane reactor pressure:250 mm torr substrate temperature: 60 
degree-C substrate bias:-150V[0052] which made carrier gas the argon of rate-of-flow 30sccm A 
SiCOH coat is made to adhere on condition that the following with the 6th operation gestalt. 
Precursor: Tetramethyl tetrapod siloxane reactor pressure:250 mm torr substrate temperature: 1 80 
degree-C substrate bias:-200V[0053] which made carrier gas the argon of rate-of-flow 30sccm A 
SiCOH coat is made to adhere on condition that the following with the 7th operation gestalt. 
Precursor: Tetramethyl tetrapod siloxane reactor pressure:200 mm torr substrate temperature: 1 80 
degree-C substrate bias: -200V [0054] which made carrier gas the argon of rate-of-flow 30sccm A 
GeCH coat is made to adhere on condition that the following with the 8th operation gestalt. 
Precursor: Tetramethyl germane reactor pressure:50 mm torr substrate temperature: 1 80 degree-C 
substrate bias:-250V[0055] which made carrier gas the argon of rate-of-flow 30sccm A GeCH coat is 
made to adhere on condition that the following with the 9th operation gestalt. 
Precursor: Tetramethyl germane reactor pressure: 100 mm torr substrate temperature: 60 degree-C 
substrate bias:-50V[0056] which made carrier gas the argon of rate-of-flow 30sccm A GeCHO coat 
is made to adhere on condition that the following with the 10th operation gestalt. 
Precursor: It is oxygen of rate-of-flow 2sccm to the tetramethyl germane of rate-of-flow 15sccm 
Mixing reactor pressure:200 mm torr substrate temperature: 60 degree-C substrate bias:-50V[0057J 
R A C O X coat can also make a substrate place and adhere to the earth electrode of a parallel-pole 
PECVD reactor In this case, although conditions are similar to what was indicated for the above- 
mentioned example, substrate temperature is carried out to to 400 degrees C, and the high density 
plasma mold reactor of the conditions chosen appropriately is used. 

[0058] Please note being able to change the optical property of a coat by changing process 
parameters, such as bias voltage, a flow rate of gas, a pressure, and adhesion temperature. 
Furthermore, installation of the precursor containing oxygen, nitrogen, or a fluorine can adjust these 
coats with the presentation of a start precursor. On these specifications, the optical constant of a coat 
is defined as a refractive index n and an absorbancy index k. Generally, an ARC-hard surface mask 
blank and a resist system can be prepared so that the optimal thickness may be obtained with an 
optical parameter with the optimal ARC-hard surface mask blank layer (n and k value). In order tor 
that to calculate the minimum reflection factor in the interface of an ARC-hard surface mask blank 
and a resist the knowledge about the optical constant of the whole coat structure is required. Count 
is performed based on the algorithm using the Fresnel coefficient currently explained to standard 
textbooks, such as E. HEKUTO (E.Hecht), A. ZAJAKKU (A.Zajac) collaboration, the 1979 wheehe 
(Wiley) ** and p.312-313. The range of the optical constant with the desirable RCHX coat prepared 
by the approach of this invention is abbreviation n= 1 .4 thru/or n= 2.6, k= 0.01 , or k= 0.78 on 248, 
193 157 or 126nm and the wavelength of extreme ultraviolet radiation. The thickness of the optimal 
ARC-hard surface mask blank changes between 350 thru/or 50,O00A depending on absorption of a 
coat. Still more generally, the value of k was between 0.15 and 0.6 in DUV, when a gain was 
reduced to 1/10. A refractive index n is changed between 1.5 and 2.3. 
[Table 1] 
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I) 101 



[0059] The fundamental fault of above-mentioned silicon nitride usable also as ARC / a hard surface 
mask blank layer and an acid silicon nitride (SiON) ingredient is that resist poise NINGU which 
checks the resolution of a resist remarkably is intense (Y. TORUIE (Y.Trouiller), 
Microelectron.Eng., Vol.46, No.l - 1998 [ 4 or ], p.47-50). Although various kinds of surface 
treatment can be performed in order to prevent poise NINGU of a resist, there are faults, like that the 
optical property of the SiON coat after surface treatment changes or a controllability is bad. A 
RCHX coat does not have an interaction with a resist and the good resolution to 125nm is obtained 
by using a RCHX coat as an ARC layer. Furthermore, such dirty selectivity [ as opposed to / silicon 
nitride and acid silicon nitride are usually etched with the mixture of fluorocarbon and oxygen, and / 
a photoresist ] is about 1 (J.Vac.Sci[ besides Sato ].Technol.B., 16 (3), 1998, p. 1038-42). As 
compared with the case of the polysilane made to adhere, it becomes loss of a superfluous 
photoresist, and degradation of the profile of a photoresist influences a next etching process. 
Furthermore, since the presentation is similar, silicon nitride and acid silicon nitride cannot be used 
for the pattern formation of a pad nitride substrate. 

[0060] A RCHX coat has good dirty selectivity to the conventional far-ultraviolet-rays photoresist. It 
was acquired in relation to the high density plasma etcher using the gas which makes a subject both a 
halogen, or both [ either or ] that the dirty selectivity of the RCHX coat to a resist is 1 .5-4:1 . This 
prevents superfluous loss of the photoresist looked at by the conventional ARC puncturing etching, 
and the process of a thin resist becomes possible. 

[0061] The RCHX coat is excellent in the etching-proof nature to the fluorocarbon plasma used for 
etching of silicon oxide and silicon nitride again. The blanket etch rate measured about a RCHX coat 
and silicon oxide shows the dirty selectivity of about 7 and about 13, respectively. The blanket etch 
rate measured about a RCHX coat and silicon nitride shows the dirty selectivity exceeding 4. It 
suggests that this has the hard surface mask blank property the RCHX ingredient excelled 
[ property ] in etching of next silicon oxide and silicon nitride. 

[0062] It is not influenced [ remarkable ] by exposure to optical [ the RCHX coat of this invention ], 
chemical, and the exposure to which the physical characteristic was given. Especially, incorporation 
of the oxygen of a under [ a coat presentation ] is not seen for fission of remarkable association by 
248-126nm exposure, either. 

[0063] The following example is for explaining the range of this invention. These examples are not 
shown only in the purpose of explanation and operation of this invention is not limited to these 
examples. 

[0064] The example of the example 1 following is for explaining the count for obtaining the optimal 
optical constant and the thickness of a RCHX coat which are used for ARC / hard surface mask 
blank layer. The parameter was optimized in order to decrease the reflection in the interface of ARC 
and a resist. Count was performed based on the algorithm using the Fresnel coefficient currently 
explained to standard textbooks, such as E. HEKUTO (E.Hecht), A. ZAJAKKU (A.Zajac) 
collaboration, "optics", the 1979 wheelie (Wiley) **, and p.312-313. Such simulation can be 
extended to the structure where many differ, and these are not limited to the following example. The 
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structure simulated in this example is Si substrate and RCHX. An ARC-hard surface mask blank 
layer and a photoresist are included. The parameters under examination are the optical constants n 
and k of an ARC-hard surface mask blank layer, and thickness [ of a coat ] d. An imaging resist is 
also fixed and a refractive index, an absorbancy index k, and the thickness of a coat are n= 1 .78 
[ 248nm ] and k= 0.018. Drawing 9 uses the fixed value of k= 0.25, and shows the reflection factor 
in the interface of 248nm ARC and a resist as a function of the thickness of ARC to a different 
refractive index (n). The simulated structure contains Si substrate, an ARC-hard surface mask blank 
layer, and a photoresist. It is shown that such simulation does not have remarkable fluctuation in the 
reflection factor as a function of a refractive index. For example, RCHX whose refractive index in 
248nm thickness is 1 .65< n<2.0 in 3000A When an ARC-hard surface mask blank coat was chosen, 
a remarkable reduction (about 0.01) of a reflection factor was attained. Although k of an ARC coat 
changes a reflection factor [ in / in drawin g 10 / the interface of 248nm ARC and a resist ], n shows 
the case where it is fixed to 1 .75, as a function of the thickness of ARC. The structure of the 
simulated layer is similar to an above-mentioned thing. In this case, by increasing an absorbancy 
index, a reflection factor becomes high and the absorbancy index of the effect on a reflection factor 
is stronger than a refractive index. 

[0065] An ARC ingredient with k value slightly lower than about 0.2 or this is desirable. R: C:H:X 
For the refractive index in 248nm, about 0.18 - the range of 1.65-2.0, and an absorbancy index of the 
optimal optical property of an ARC-hard surface mask blank ingredient are about 0.22. Thus, when 
thickness uses an ARC-hard surface mask blank 3000A or more, a remarkable reduction (less than 
0.01) of the reflection factor in the interface of ARC and a resist can be attained. 
[0066] The example of the example 2 following shows the measuring method of the optical 
constants n and k of an ARC-hard surface mask blank ingredient. This measuring method can be 
used for various kinds of processes, and is not limited to two above-mentioned examples. 
[0067] These optical constants were measured using the n&k analyzer of n&k technology company 
(n & k Technology) manufacture of U.S. California Santa Clara. Explanation and actuation of this 
instrument are indicated by the U.S. Pat. No. 4905170 specification (1990), and that instruction is 
attached to this specification as reference. These use the approach based on the formula (pT865 - 
1 988 [ physical review Bull Tin (Phys.Rev.B) 38, / 1 874 or ]) of the optical constant which 
broadband spectrophotometric measurement, and FOROUHI (Forouhi) and bloomers (Bloomer) 
guided Their analysis can be applied to a wide range semi-conductor and a dielectric coat and is 
due to the physical model of the effective refractive index n and an absorbancy index k in the range 
of far ultraviolet rays - a near infrared ray. n (lambda) of any ingredients and k (lambda) (lambda is 
wavelength) spectrum cannot be measured directly, but the deconvolution of the reflection factor 
measured value R (lambda) determines them. It depends for this measurable amount on the thickness 
of a coat and the optical constant of a coat and a substrate. This the "n&k method" is the accuracy 
which makes reflection factor measurement easy, a high speed, and a method of not destroying. 
Since the theoretical value and calculated value of a reflection factor are compared, an algorithm is 
producible. From the comparison of the thickness of this coat, n (lambda) and k (lambda) spectrum 

can be determined. _ . 

[0068] Drawing 1 1 (a) shows the reflection factor spectrum (900-190nm) measured with the n&k 
analyzer of a R:C:H:X ingredient. The corresponding value of n and k is plotted by drawin g!! (b). 
The thickness of the analyzed coat is about 4500A. 

[0069] In these specific examples, n is changed from about 0.15 to about 0.22 from about 1.84 to 
about 1 .85 by 248nm, and k suits with reflection factor analysis of an example 1 . „^ uv 
T00701 an example 3 - this example explains how to form the multilayer (inclination) RCHX coat 
for decreasing the reflection factor in the interface of ARC and a resist remarkably. By adjusting the 
optical property of a RCHX hard surface mask blank layer, a large process window is obtained rather 
than a gain is very low. With multilayer hard surface mask blank structure ( drawing^ ), in order to 
make a refractive index (n) and an absorbancy index (k) in agreement with an adjoining layer by the 
whole thickness of a hard surface mask blank layer, inclination is given. If n and k of a hard surface 
mask blank layer are completely in agreement with an adjoining layer, reflection should not be 
produced in the interface of a hard surface mask blank and a resist. The optical constant which gave 
the inclination of a RCHX coat was attained by doping a coat with various kinds of additives 
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indicated with the above-mentioned operation gestalt while changing a presentation and adhesion 
conditions of a precursor. The optical constant of various kinds of R:C:H:X ingredients is shown in 
Table 1 . In 248nm of a RCHX coat, a refractive index changes in between [ about 1 .6 to about 2.3 ], 
an absorbancy index changes in between [ about 0.01 to about 0.5 ], and multilayer (inclination) 
ARC / hard surface mask blank structure becomes possible by it. 

[0071] An artificer thinks that this example is equal to the conventional monolayer ARC which is 
carrying out current use carrying out pattern formation according to multilayer (inclination) ARC / 
hard surface mask blank structure. After using the processing conditions first indicated with the 7th 
operation gestalt and making the coat whose thickness of n= 2.1 and k= 0.5 is 3000A adhere on Si 
substrate, the processing conditions indicated with the 3rd operation gestalt were used, and the coat 
whose thickness of n= 1 .9 and k= 0.25 is 200A was made to adhere in this example. Drawin g 12 
shows the reflection factor (continuous line of drawing 12 ) in the interface of the ARC and the resist 
of n= 1 .75 and the monolayer RCHX coat of k= 0.21, and the reflection factor (dotted line of 
drawing 12 ) of the inclination (multilayer) RCHX coat which has the above-mentioned n and k 
value in 248nm. The immunity over a remarkable reduction (about 0.001) of a reflection factor and 
the thickness of a hard surface mask blank is attained by the process which uses the hard surface 
mask blank (multilayer) which can be adjusted. Since the reflection factor of Si in 248nm is about 
0.7, it is reduction i n the amplitude [several 1]. 



********** Furthermore, the perfect independence from the thickness of ARC is attained by using 
multilayer (inclination) ARC / hard surface mask blank structure. 

[0072] The example of the example 4 following is to show the engine performance of the RCHX 
coat as an ARC-hard surface mask blank layer of the resist method which progressed. The following 
example is to show formation of the equipment feature 0.2 micrometers or less which used the ARC- 
hard surface mask blank ingredient which carried out R:C:H:X vacuum evaporationo again. The 
RCHX coat was made to adhere to the wafer of 8" (20cm), as the above-mentioned operation gestalt 
described. Spin coating of the aforementioned DUV resist was carried out on the top face of a RCHX 
coat, and baking after spreading was performed. Next, the resist was exposed to 248nm radiation 
with the dosage of about 48 mJ/cm2 using the ASML micro stepper, and baking after exposure was 
performed. Next, the resist was developed with the LDD26W Shipley (Shipley) developer. Drawin g 
13 is the cross-section SEM image of the profile of the DUV resist which carried out 150 nmL/S 
development on the tetramethylsilane coat which carried out PECVD adhesion, and shows that there 
is no residue in the interface of a resist and a RCHX coat. The thickness of a DUV resist is about 
3400A, and the thickness of a RCHX (TMS) coat is about 2400A. 

[0073] an example 5 - this example shows the capacity which carries out patterning of the R:C:H:X 
ingredient with the conventional ** UV photoresist mask using plasma etching. An excellent 
anisotropy and the thickness which has the suitable selectivity of 1 .2 to a photoresist used the gas 
which makes a halogen or fluorocarbon a subject in the high density plasma etcher describing the 
feature of 150nm Rhine - and - tooth space in the RCHX coat which is 240nm so that it might see by 
drawing. 14 . The blanket dirty selectivity which exceeds 4 about a photoresist was observed by the 
low plasma etching of invasion nature. 

[0074] A R:C:H:X ingredient is the excellent candidate of a hard surface mask blank by the excellent 
etching-proof nature to common substrate ingredients (as [ describe / an example 6 ]), such as a 
perpendicular profile obtained on the minimum dirty bias, and silicon oxide, silicon nitride. 
[0075] an example 6 - this example shows the excellent etching-proof nature of a R:C:H:X 
ingredient to the fluorocarbon plasma used for etching of silicon oxide and silicon nitride. The 
blanket dirty rate measured about the RCHX coat and silicon oxide to two different plasma gas 
summarized to drawin g 15 shows the dirty selectivity of about 7 and about 13, respectively. The 
blanket dirty rate which measured about a RCHX coat and silicon nitride and was shown in drawing 
16 shows the dirty selectivity exceeding 4. This data suggests that a R:C:H:X ingredient has an 
excellent hard surface mask blank property to next etching. 

[0076] The example of the example 7 following explains the integrated scheme which makes one 
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ingredient and one process unnecessary and which uses the RCHX coat made to adhere. The RCHX 
coat in this case serves as instead of [ of B ARC and an oxide hard surface mask blank layer ], and 
the role which served both as next ARC and the next hard surface mask blank in an etching process 
of a nitride is played. By the high density plasma etcher, C12 gas is used for a photoresist pattern and 
it is imprinted with repeatability sufficient to the RCHX coat made to adhere. As for this, etching is 
alternative and it becomes possible according to the special feature of an anisotropy at altitude 
( drawin g 14 ). It is superior to about 1 of the selectivity to the photoresist of the conventional BARC 
that the selectivity to the photoresist of a blanket RCHX coat is about 2. This means going to the 
following etching process, while more photoresists have been eternal as compared with the 
conventional process. Next, a pattern is imprinted by the nitride by the plasma which uses 
fluorocarbon as a principal component. This is because the selectivity of a nitride and the RCHX 
coat to which it adhered is sufficiently high. The sequence of the whole process is summarized to 
drawin g 17 . 

[0077] an example 8 - it is shown that the RCHX coat to which it adhered is used for this example 
instead of the pars basilaris ossis occipitalis ARC of the conventional laminating. The flow of a 
process is summarized by drawin g 18 . After imprinting a photoresist pattern to the RCHX coat to 
which it adhered using C12 plasma etching, ashing of the photoresist was carried out. The RCHX 
feature was imprinted by the oxide layer by the fluorocarbon plasma. As compared with oxygen, 
since the dirty rate of RCHX is low, this pattern imprint is attained. The selectivity of a proper is 
shown in two different fluorocarbon plasma at drawin g 15 . The flow of a next process is the same as 
that of the conventional process, as shown in drawin g 1 8 . Since there is only about 90nm thickness 
of a coat when RCHX is used as ARC, the low etching conditions of invasion nature that the dirty 
selectivity over a photoresist becomes high can be used. Thereby, the loss of a superfluous 
photoresist looked at by the conventional ARC puncturing etching is prevented. 
[0078] Although the coat in the above-mentioned example was produced by plasma enhancing 
chemical vacuum deposition (PECVD), the same coat is producible with any radiation exchange 
techniques. There are the others and high density plasma (HDP), sputtering, an ion beam, an electron 
ray, and a laser exchange technique among such radiation exchange techniques. [ PECVD ] 
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* NOTICES * 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[DrawingJJ It is the graph which shows the curve (swing) on which the monolayer resist which has 
a pars basilaris ossis occipitalis ARC vibrates. 

[Drawing 2J RCHX It is the graph which shows the curve on which the ARC hard surface mask 
blank resist method vibrates. 

[Drawing.!] RCHX It is drawing showing ARC hard surface mask blank resist structure. 
[Drawing 4] It is the schematic diagram showing the ARC hard surface mask blank structure of 
having a RCHX (inclination) layer. 

[Drawing 5] It is drawing showing the chemical structure of a tetramethylsilane (precursor). 
[ Drawin g 6] It is drawing showing the chemical structure of a trimethyl silane (precursor). 
[Drawing 7] It is drawing showing the chemical structure of tetramethyl cyclotetrasiloxane 
(precursor). 

[Drawingl] It is drawing showing tetramethyl germane's (precursor) chemical structure. 
[Drawing 9] It is the graph which shows the reflection factor of the interface of ARC, and the hard 
surface mask blank/resist in 248nm as a function of the thickness of ARC to each value of a 
refractive index (n) which used the fixed value k= 0.25. 

[Drawing 10] It is the graph which shows the reflection factor of the interface of ARC, and the hard 
surface mask blank/resist in 248nm as a function of the thickness of ARC to each value of an 
absorbancy index (k) which used the fixed value n= 1 .75. 

[Drawing 11] The thickness indicated in the example 2 is the graph (b) which shows corresponding n 
and k value as the graph (a) which shows the measured value and calculated value of a reflection 
factor of the R:C:H:X ingredient which is about 4500A (from 900nm to 190nm), and a function ot 

wavelength. . , u 

[Drawing 12] Monolayer ARC (continuous line) and inclination RCHX (multilayer) It is the graph 
which shows the reflection factor of the interface of ARC, and the hard surface mask blank/resist in 
248nm as a function of the thickness of ARC about ARC (dotted line). 

[Drawing 13] It is drawing which it began was written with the scanning electron microscope 
photograph in which the cross section of a 150 nmL/S development resist profile on the 
tetramethylsilane ARC hard surface mask blank layer made to adhere by PECVD is shown. 
[DrawingJ_4] It is drawing which it began was written with the scanning electron microscope 
photograph in which the cross section of the 150 nmL/S profile of the dirty RCHX coat which used 
the resist as dirty is shown. 

[Drawing 15] It is drawing showing the dirty rate of a RCHX coat and silicon oxide. 
[Drawing 16] It is drawing showing the dirty rate of a RCHX coat and silicon nitride. 
[Drawing 17] It is drawing which makes one ingredient and one process unnecessary and in which 
showing the process which used the RCHX coat. 

[Drawing 18] It is drawing showing the process which used the RCHX coat instead of the 
conventional pars basilaris ossis occipitalis ARC in the conventional laminating. 
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[W5RW3 2] HuIByy^7 7-r«it*fc, >\$-yft 

BfRZnrc, 7, 2 8, 2 9Sft«3 0©l#vf 

i okies© u y ^ 7 ait, 
[ii*jS3 3] s«cD^ffi±ic tt i mttmrn 

itR:C:H:X(R(iSi, Ge, B, Sn, Fe, 
Ti, *5J:t;cne.OS^ftlA^45PA>6,a!S?5nft 
t>CDT*$> t) , Xtt#fiELav\&\ SfcfiO, N, S, F 

CHXJi?fc*«R©Ji*{t»S-ti\ WEt«»OJiO« 

So 

CM$«3 4] RCHXlA^SLfttOT'feS, 1R$ 
JS3 3lcEecD^ffi 0 
[iS*S3 5] RCHXltf, fk^a, Sffi!f[7*7X 

C!I^<]S3 6] RCHXi^, ->7X 7;l/*;l/~>7 
y, 7'J-;i/->7y, y;bvy, yi+^Wvy, 7 
y-;l/y;l/vy, ^y;I/^yfre>*3$fr£a#?£tt 
ft'>&< 1 ocDiifr e>&3 iuggft»<k, S i -0, 

g e-o«£fe<fctfcne0E^£S*r-r5t(HBttK 

P E C VDCiDMfSnS, II5RJS3 51CIBK 
<D7Ji£o 

WJS3 7] RCHXM, HIS, iMSt, Sit, 

$tyiiet!j«s^ft^e»(*r««**, mm 3 5 (eta© 

<D7iiffio 

w*S3 6tc!ee<D^g„ 

5. W3RIS3 6tClB®CD7T"!£o 

[!i^Si4 0] iM2»DJi4nc/^-y£x-y?-y^ 
■T«xr'y7**«6t^ty, a*^3 3 tcIBic<D^a= 

[»#JS4 1] ftuffi/^-y^ awtiJiBx*^^- 

iSltJitptc/^-y^JB^L.ft^, HiJIB/^-y^MIB 
^RcdBcD^O cDJilc, hu1Bx^;I/^-}£14HcDhuE^ 
* - y £ v x * t L T ffiffl L T S C 4: tc J: 0 ffM 

Ifis)<«4 0tClBKcD7^ffio 
[M3RS4 2] MsERCHXBft^ J5WK±n-x-<y 
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v^^/S«l»jtJii:O*ISiiBK****Slt*jWB0. 
0 1 T'feS, 11*13 3 lcg£ic<07: i£» 

5] MKx^l/^-ffifflitf, 2 4 8 nnu 
193nm, I 57nm, I 2 6nm, WUlS^H 

mmnzxfK.wf-m* x*u 10 

Str, »3W(3 3lCiat©Stt. 
[IS5RJS4 6] hHISR C HXJBA^ 2 4 8 nm, 193 
n m. I 57nm, 1 2 6 n m. $5 &Xfffl%'%ft&<OWl 

f»Jtt«a*«WO. OlS^LftO. 7 8 »$£ 

3 3(cie©^ffio 

Umm47l 8iJERCHXjB©ia9r*feJ:tf®3t«a 
*\ MIBRCHXtm*fctWIE^fc©»i0*ira 
fc, HiJ3BRCHXlii:8aSBx*;l/^-JStt»i:0»2 0 20 
«flEttstt«, SuieR CHXdtSfiOBJ/f^fc^tf 

■Rft&afcraHr-a-rsj:-?, mmmmrz. mxm 

3 3 KgEi|8<D?3&> 

IS, AS* KM, l3J:t;<in60Sfrt(Bft»6** 

x-y^ytJ: 0, tuERCHXHfflce^-r?), ffl* 
i«4 1 IcgSitCQ/jife, 

[00 01] 30 

fPlfi, Mftmig.tD 0 y 7 ■< cOfci6£DSWK±n-r 

7^*7 7^ (2 4 8 nnu 193nm, 1 5 7 n nu 1 40 
2 6nm) . «!*£ft$10 (EUV) , 

«g (e-beam) 'JV^7^, -f *y tf-A33<fcc/XSSD 
7^7 7 -r icjgffl-f&c fc#T'£3 0 

[00 0 2] 

[fiEfcOfcffi] ¥«H*«H<0££?. PXr-^ttnfrDSS 

a, is, *3j:Q*aB^#^anT^5o na, 2 4 8 

nmO'J y^"77-cA ( > 2 00nm*iC7^-ftS: 50 
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wwj-rsfctttwfttffTfcnT^So coft»c, sun 

S!( (NA) ifeBffefcaSjbttfllB L/O0**o NA#«< 

© U 5>X h t> v &M.V» * $ - ygflgfl -V f - > jf C <k 
D£fctl3o US©*)! Ui/'Xr- (SLR) ft^tl-y 

<t o , ffiiiii&s© u y 77 7 Kifcga u y y 7 7 f 43 

«ttfx<y^1ftt*f#SC4:^T*S:^. 
[0 0 0 3] *i'.JiUv>'X 1- • i/Xxi»©&-9t>£:0©|K) 
fifoSti, ttJ*rfi£ (CD) ©i&J8PT?fcSo JUttli (U 

v) ts^umm^m (duv) Kfitfe^sstsogs* 
«\ h©c Dfflwzmm^mtz'fcfcm)) 

ic <t Uv^X h±©gtfJx*;U:£-tfag|5WH:g 

fb-rs/MHt^So ^a&tiJisiT^ (tf i) -tat> 
% u->*x h©w#£f*-e©, yt<D&m<Dmmw%mT*& 

T. 7^y-t (T. Brunner) , ru>?X h • 7'P-trX© 
7t^W#tt«Siifb (Optimization of optical proper 
tiesof resist processes) J , SP I Elli, Vo 
1. 1466, p. 297, 1 9 9 1 ^(ClSK^nTfe 

[0 0 0 4] WKT^W^S^SfcftK:. )Sgf5g*tK 
±B> t^^^BARC (Bottom anti-reflective coa 

ting) b\ ^mui/xhicmmzm^Za u^l, c 
neosv^iRB ARCttffl#wfcfflfM><&5. cne> 

<Dtf*4«ffl#Xlf> • a-f-f^KiOiffS. B 
A R C i: 1^->"X KDJf &m*gk'p\c+S1tibicm 

mown T-rnvt zcdic -j&mKmm tc pmr zcttfv 
t u-7xh©ip*(i, b#y7 7^c«fc 

?>{«[b]A^5o iS^B A R Cli-SStilOi^TlOS 
>>"x r-'NOStox^/l/^-lcgft^i;^ Sifitifb^ 

[0 0 0 5] 77X> • X>/N>Xfb^S (PECV 
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S. *«W<05SW#tt. PECVDfc,fc»Jtt«*-ltfc« 
StARCfCcfc-StfiJ^fgL/co 0 1 fcctO*02fi, BA 
RC/lil/^XhS (01) , teilfS^RCHXA 
-KvX*Jl<D±ffilC, 3 4 0 0 A£r£>9t^Uv'Xh£ 
ffltfPLfcRCHX ARC/A-F?7i'S (02) © 

jsifj-fs (swing) ffl^<Dtt«^^fo mmtzmm 

It. Slt^Pi'X h<DJP#tc*fl,T7 , ci-y r- Lfcfctf) 
TifcSo £«git (swing ratio) JUST Sfl^cDt! 

->? tmmttw-izmvttT'hz* ) rchx{±, 

R : C : H : X<DiST\ RtiS i , G e, B, S n, F 10 
e , Ti, tS&Xf£tlt><Dm&fafr 

«tt)#enfct<0-e*5o bi>'Xr-<DJ»&cD|liat l-T 
CD, 2 4 8 nmK:*5»tSSI**tt, U>?Z.b tQ%t<D 

mnm-emfe l/c c #s u-s^x f © ~ a u- f- ttcm 
m (m i (omw) it. s i s& 2 4 8 n micfetts n 

= 1. 9, k = 0. 4 2©, J?&#9 0 0A<OJSgflAR 20 
C, fc.fct>*2 4 8 n mtCfctt?) n = 1 . 8, k = 0. 0 
2«7* Fl^>"XF£$Oo JSa5ARC©)t^attP 
ECVD ARC(D««WT'6S. 0 2(i, n = 
1. 9, k=0. 4 2©, J?##9 00A<DJgg|5ARC 

[0 0 0 6] PlflMc, =l\s~ F Lrci/*)=iylS&Zf 
S i 0i*±©2JH*jfi*BI2fcaVro c©«iitt, S 
2 4 8 nmtCfctt3n= 1 . 7 8, k = 0. 2 
2», 1 00A»RCHX ARCn-FvX 30 

*Jf, fcJ:(/2 4 8 nmU:*5tti>n= 1 . 7 8, k = 
0. 0 1 ©iW^DU VUS/X h-Sr^Cfo S i fflM£±©A 

RC-/N-F*vX?fitjrC\ Si^A R c^rffiffl-rsie 

4 %*m<nm.<m\tt> Si m %nrc mznwefi . 

A R ctfT/1© H^77^ (cfeft-rs;: fcfcijVf /c#> 
fc, Jf#-5 0 0A©S iO^v-UnvlSitMlS 
-tt/i (0 1 *5<fct/0 2©;&6§Q o 0 1 T*SP>n5«k-9 
K. JWiUS^X FtHattfTJl ©««©K*t$i: 

Ui/XFTOi, T«©F#y7 7f ©KS£§tfftfr 40 
o/co iiKfgC D©SSftfcWRT?*5®ffilt*^ 1 8 %t 
^r>fc%%<DXZ^W)t>\ KftttOTJi*^* S L 
RffliifcBRSttfc (0 1©£*§) o C(DS.MnmM 
it, CDO^KiKilSfWiSU, U$>Xh©JP#©ffl»i: 
LT^l 8%T*fct), #JBSfi±Ta&oT«i± 1 0 %© 

/i^U->"X Mffjfiicot^TU:. TJf ©»*©£*Wc 

mmmc 4%*«6©«iut*^e.nfco f-*oKM so 
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£<*t\ s^tc± i o %o«ssais**«ifc-r. Lfc 

AST, 3tt*WRJft*»6, JP^ARC/M-Kvx^tt 
itti, s LRJUifi.fcDWfcrrfcSfcJl&ftfco 

[0 0 0 7] SLR cpcDIlf^ Lfc 0 . 2 5 /i m*ffi©7 

j^w^s-ssoKiffiffl-ra b a r c^)>lt$e¥l^ 

ttnfcffc&ft^. B A R CMttOfcii)<DftS!W*x-y^ 
■ A'Xti, Nz/0 2 /7;l/^D*— jp> • 
-5c U->*XFi:B AR C©H©X-y^JHRtt&, &<T 
tl : 1 T'SSo J¥##9 0 0 A©B A R CJf£&j£-t 
5t, S LR©fi£{£9 0 OAiiftS,, £©<£?£, B 
ARCIlfL (open) ©failed L-I^U^X hOiJl^i^U 

[0 0 0 8] S L R£ B A R C £ffi&£fc>-l±fc->X-fA 

fc, &©TJi©x<y^:yy£vx*£LTteffiLftttn 
tfft£>ftV\, jl^X-y^jlfi, S'X)/'o7 5"fMO 
■f* (fctM7r-b7f^yy') , fcJctfl^x FSt 
®©»ftmn;WitA,i:ft^c: ttf, ^x^©tffli;: 

xMorsj ©j^icfa*?.,, TWivmm. mm, * 

[0 0 0 9] SfiOU V^77-fWftt*^4Kti» U*^ 

0, ft ?k «f^©^»fi-e©J:»JfiH«: 

/•DW-^^Kf^Sns, U*^L, U->*XF5: 

5<D»C^SftX-yf-#1±AM#&nft < ft&o BAR CM 

^A^USo ctDF^Mfi, MteNfCiUv f XhOJP*AVj> 
^i/>(Si:'fi7^tcft§ 0 coi^lc, SftWBARC^rW 

ol^uy^77-f/i7f> yoMftA^ff 6 nft i \ 
[ooio] #jius;xhois»*-si5W»-r5fc«>» 

2«U> ? XF, 3JiU->*XF ■ i/X-ri^, fe<fct>*±S{t 
«(tsi) *d€r»KffflW8i[tB««IJII«snTtfc. 2 

HfiliST'ti, Wx-yf-1t£D/ci60S i flMlte*£tr»^ 
Ui^Xh^, B A R C i: LT^Hg-rSlttH^ftT-WjSa 

icWLTTvtftfj-^^m^So u^l, mtu^xh 

^L, ccDJ;3ftU->'Xh • ->XxA(Olt^<gT-TS 



(6) 

9 

coo i i] isif&yy^7^i4f?g;W#e>n, t«<d 

CttfSiL^ CCDfc&tC, iBftcO^BARCctt) 
Ui/"XRC;ft1-3x.y^;i^tt#&#&, ##£ft/iB 
ARC ^gffcS, C <D B A R C ( 1 ) 
SlCgLfcA R C t LT®mtZ>mW%X¥¥f\iZ% 
U (2) Uv>XHcttLT&$f&x-y^aft!tt (l : 
1 tfff^ft, (3) U^XMDiWi'JV 10 

#-y F£a-iyb>>'X b^flSftfflO&^c^tf&gT- 
£fc, BARC(iTH«tf%, Sft^, *5<fctf 
S i (Dx-y^>^ciilLfc/N-FvX^ttfti:LTjifig 

[0 0 12] *B^«T-a> K*L/ci"JnX ^l/V 
x-7i>, XX te&iS^zyik^tztt 

h • -?a-tzxzm7nirz> 0 cft?><D*fflfi, ( l ) %X 
f.ft/c&ST' B A R C £ LTl«Hlf Siim^^ftt^ 20 
*TU (2) g^ft^'J^B ARC<D£9k:SS, 7 

^xtcftismij-r s cttf%<. ( 3 ) ^*<d bar 

C fc hbK L TX >y ^S#M#2£& C ft (C «t 0 ce* 
CDBARCJ;9«^Ui>'XhW{£ffltfRjt£T\ (4)» 

\m/mit^(DJiy^miRmmnr\ barc^ 

[0 0 l 3] 

[0 0 l 4] *5SWOft!!<DiWtt, MftOJI^&I^fSS 

ft * . s ft fc u s>x h ttffi&ffitt* * c t * *. 

[0 0 l 5] *8RH<Dfl&<*)gWfi, j&g0Jf#j$l|5Jt£& 

ht-$>5, ffla<oJB*wrs u->*x usig*jf aws c 

[0 0 l 6] *«^<Dffl<0B«(i. HcSRJftf, Jt*»tt 
4:<k*«fi«4WBEnIli4, WOSfcWTS U^X F 

[00 17] *»B^ftHogm, JSSBBff, £HWfc 
U^'XMf tfgaftfflcD&lv 5 U>*X 40 

[0 0 18] *5gH^(D(te£D@Wti, ft*fc«l:SfcaWB 

Hfcitf 3JBUS>X h*tiftfc-|ftKfigffl£ftS;*k?> • 

[0 0 19] *5gW<Dffl<0g«ti, j£»JB*Mb^«Ka; 

[0 0 2 0] *5gHJ|CDfteO III 8ty± , ?Mi LftRCHXJS 50 
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fclC^So ST% RttS U G e, B, Sn, Fe, T 
i , feitf Cft&©ffi^frefcSSMP&89?£ftfcfc 
OT^!), XtiO, N, S, Ffc<tD*Cfte>cDfc^O}i 
6 & 3 t¥fr 5 SS? S ftfc 9 , X <Dfr&& 

[0 0 2 1] *»WOflS«gWfi» i«*LfcRCHX& 
MQifflObi/'X Ffr€>&SU:>*X FfPtiI£ift tt ,-f 
tfCfe-So C^£§|«, (1 ) JI^SMfCigL/cBA 

RCfcLT*ii-r*awfcrt¥tttt**ru (2) a 

if, 7yf-{>y* (footing) , 7>#-a-y hfcdtr 
L^>"XFfccD{@S{1W&<, (3) U^XhfcftLT 

[0 0 2 2] #8HH®A&<D@ fityi, s«ff Lfc RCIIXS 

it, 77f-f>y\ TV$-t>v Y^tS\yi/7,Vt<D 
taSffffl*ft<, (3) U^Kc«UTfii?4i'y? 
SjRttfcWU (4) TJiOiKt*, SftW, fcitfS 

i Btc«-r5a»*x>y^a«?i4^wr^o 
[0023] ^ajicwygatyi, yt&mvwyy* 

(2 4 8 nm, 193nm, 157nm, 126n 
m) , «I«UV^77^ (EUV) , n=fm (e- 
beam) 'jy^57-f* -<^>lf-A • U 7^77^, *5 
±tfX»yy^7^C3afflT#5, ^«LfcR CHX 

tl <h 35 § 0 

[0 0 2 4] *P§B^(Dffi£OgWtt, *aO^«SES (2 
4 8, 19 3, 15 7, 1 2 6nm, fcitfffiiBSJIfl. 

§, r cm x s-frs 7i a^fiii^-r § C ttCS 

5„ RttSi, Ge, B, Sn, F e , Ti,t5 

«tt;cfte)©7t3Rfl)g^ft*^4*^e.a»??ft/£t 

^Tfe^, XfiO, N, S, FfcitfCftStDTt^Og 

^*->?.^?»ai^e.a«$ftrct<DT$)'3, xcow&it 

(n) fcitfiRJtffia (k) ^, M-*xe*c«3tts*«jw 

[0 0 2 5] *?8B^CD{tbOgW«, ( 1 ) ii^^jSftlC 

auB a r c t LTMdEf sam>t^tt%*ru 

(2) SS, 7 7f^>^ 7y^-*7 h5r$€ybi/* 
XH£<DfflSfiW&< x ( 3 ) Ui/"XF{cWLTa?i? 

ffifcffifltfSCfcfcfcS. ST*, RtiSi, Ge, B, 
Sn, Fe, Ti, fecta'Cft cDtc^S^A^ ^ 
5»*^afl?Sfty£t)OT*»3, XtiO, N, S, Ffc 
J:tfCft6O7c3R<0S^tt*»6as»^&aiR?ftfct 

[0 0 2 6] *58W<0ft6OBWti, ( l ) i&W&ifcisBc 
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'MLfc B A R C t LT«flfrr S3I«Jfcft¥1#tt**i U 
(2) «», 7 7f^>^ jy^-ijy hZ^tSUi/ 
XFi:<DfflEftffltfft<, (3) Ui/*XMcflLT&4? 
ftx-y^S#!tt£*fU (4) T««k$), Sffcto, 

CHX&K*tta«*H^5#i£*«&*5cfcfc*;5o a 

T, RliS K Ge, B, Sn, Fe, T i. fccfctfC 

xao, n, s, F*±tf<:n607c*oiB^**» 

[0 0 2 7] ^BflcDfficDgBtyi, h'J^f-;U'>7> 
(3MS) , f h7^f^>7> (TMS) » rh7^ 

?XV • JL>^>Xit¥mm (PECVD) KiOMS 
[0 0 2 8] ##Pfl<DffiCUgfr<Hi, fh7^W^7 

> (TMG) ft4f©5«^;l/y;l/v^tH*ftffl-r*^X 

7-iyA>Xftflt (PECVD) KcfcOttSfcfT 20 

[0029] *mncom<DBmi. o 2 , N*oftif(D$ 
5 ffiUHMt. n h i * 2©s***frr **i 

SSftft C. F.ft£©7y**£*rr*IWMMk £fc 
ir^f-zuy/l/vy^jg^^ffl-r^y^Xv • xy 

M>Xft^l« (PECVD) iCfcOttSfcffSCfcfc 

[0030] *mn<DmcDBmi., mn-rmnmm. 
h x&K&Ktfic «fc oitas-a-a^ffi'&sw-rs ctt 

[00 3 1] «BW@W, RCHX ARC-/N- 

[0 0 3 2] *#gBfl<Dg&tyi, ft^ft&tt, ffc$«ft 

i5S£*lftl\ R : C : H : X^-K7X^WMS« 40 
■T6Ci:(;:;&£ 0 

[0 0 3 3] 

[Wffi*IB8W3fc«>©¥K] ^fSBfleujE^fgfiHi, £ 
« L/c R C H X j£H<D±ffitC F ZfitZ \si>7. F 

ffimT>&%<, KT, RttSi, Ge, B, S n, Fe, 

^n/cfctoT'&o. xiio, n, s, F*3d;a*cnp)tD 

[00 3 1] #5PJJ<D£l/>!£flUi, R C H XftK©*$ 50 
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KH5«fctfffc¥W1$tt*, ( 1 ) il^ft&fi (2 4 8, 1 
9 3, 1 5 7, 1 2 6 nm, t5J:tfa«il«*1.«0 t»L 
fcARCfcLTtt&f Sa^ftft^ftttfcWU (2) 

OV-C -?-X<DtI5ttffl#ft<, (3) U^XMCttLT 

R C H X j£IK<D±ffilC h**TTS US?X FHfiST' 

S5o ^T, RfcfcS i , Ge, B, Sn, Fe, Ti, 
*i «fc tf C ft 5 Otc JROig^l*^ 5 ft § % S ft ft 
ttDTfeO, XtiO, N, S, Ft3«fctFcne><Dj?L^O 

X(D#?5EttffiETfe5c 

[0 0 3 5] *^BfltD)£l/««, RCHX^CO^ 
W*«fctfft*WWtt*. ( 1 ) ii^ftftJS (2 4 8, 1 
9 3, 1 5 7, 1 2 6 nm, SJtfffNIXfttt) fcBL 

^ARCfcLTiifl6rsamy£^iftt«:Wu (2) 

SHI, 7 7f-fyy, 7>^"-73-y F£-&tyU->*XFi: 
©v^XtOffiSftffltfft^ (3) Ui/*XFfC*frLT 
&tfftx-y^a»&WU (4) A-K?7^tLT 

*LfcR CHX&fflt©±ffifc:U^XF**rTSl^XF 
flSiST&So xST'. RfiSi, Ge, B, Sn, Fe, 
T i, fcitfcn5<D7E*©S^fr£ft5$frP>ajR 

fnftt>of»D, xtio, n, s, Ffej;u*i:nf.« 
7E*og-&^e.ft5P^e>a^?tifctcoTfeD, & 

[0036] *%w<om<D-$ zicmfenmm*. rch 

X&mZttm-£-&5ft&?3b2> 0 3T\ RttS i, G 
e, B, Sn, Fe, Ti, ft £<E>7t;^<DiIn 

s, Ft3£zfcn<b<Dfbm<Dm&vafrc>r£z%tfrt>miJi 

±ffll65?ltt(t f^iafcfcttSIWfPSftfcSSefc 
Ute, 248, 193, 157, 126nm, fccfctfjS 

Wfi£ftfcJB8r¥ n fc«J:tf!»JfcfiSa k **rr *. 
[0 0 3 7] *f8Bfl(Dffl©$C»lC#^<Dffi^tt, 2 4 
8, 1 9 3, 1 5 7, 1 2 6 nm, feJ;Ol»S(0 

ftW^fi, 2 4 8, 1 9 3, fcckt/ 1 5 7 nmlCfel^ 
T, JB9r*n*ttl. 5-2. 2fC, Wytfc&k*® 
0. 0 1-0. 5lClHi|-f3Ci;#T#3o 
[0 0 3 8] 

±a-X'C>^*ARC±EcDU> ? XhT<ifi!t?n?>o C 
Tffl©«ft», S<k», $ ftlii/ynyffl^LTfi? 
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ms o o o ao*-^-t*s. a r ctfmn-iftT^ 

Zmt* UvXr-tA R C4:©x-y^a»?ttt±«SSTt 
1 : 1 TigSftft, fri&i}iOU->*Xh^tl-5. «'> 

(»m*5«fci/^tf)!tsfi) *ij[«ncitfasL 

t\, kfrU Uv*Xh^5 00 0A*jiSlC»<-r5i:, 

ffcttl, IfcttS ilMDg?l7f >^X7f7X^ 10 

OHItiiPiT, A R CtfMTLSn-tvsiHtt, *»4»> 
»U->"Xh#£frft5£^5*lltf&5o co|fllB«ff 

f*X Mffi*HKVr*. ccoARCfi, U->*X Hcttf 

5x-y^as?ii^«t»#«n oi : d , mmt 
rni!»*«BrflEif, cnjcj: *>43ie©*5 a r czmm? 

*5J:tfS i^£0X^^>^C«t5$^cMtT, st 
ffc», SfHt), *5«fctf S i fc*ff SX-y?-a&tt#£iiy 

tWT^Xy^ii^tt^a[SfCJ; , 3, k>"Xh^500 
oA*»fc«<-rsci:#T*.5J:5fcfcofco 
M«k/c*ffl£, «^ARC-A-K77*kLTj«l 30 

[0 0 3 9] #5g0J]©«c#ffj&#m, R : C : 
H : X<D«WL, u(Di£T\ R&Si, Ge, B, 
Sn, Fe, Ti, fcitfcin^Tt^Oig&^fr €>M 
W?n, XfiO, N, S, F, *5«J:tfCft&©7EJR<Dil 

[0 0 4 0] h/R CHX4#ii£0 3lC7jVf o 0 

4 tt43E*»fc-efc, $fcttIBF>Ifl&a»**rr* R c 
H X U->*X h^ii^:^-rWBS0T'$)§o C<0*§£, RC 

^©A RC-a- KvX^tffo&H:, X¥?.<0^7^-^ 

ilffl&S i , Ge, B, Sn, Fe, *5<fct>*T 

i mm®m*m?&mm?imc±»)Bis.2ti5o s 

i : C : H : XE£HcD*f£, cn^tegi?, $St, fe'J; 

[0 0 4 1] R<0»SUU^ : F%ttBaH. 9 
5Ri?%WT, «t»)!ff$L<tiO. 5~9 5K?%*flt 50 



«f r»fl 2 0 0 1 - 2 4 2 6 3 0 
14 

t>«t?t:L< Ji 1 ~6 OJgW^/o, «fci*ifiKi?$l,<tt5 
~5 0J£?%T*fe<5 o 
[0*0 4 2] COjfff Llr^p%«Btt, #£L<«9 

&#£L<ti i ~6 0R?%, «fci§ii£lc$?£k<{i5 
~5 0H?%T$>5o 

[0 0 4 3] HOJifS L^B^KHWU ff$k<(4 5 
OH^fctT. J^S^kOiO. 5~50fl?%, « 
tff$L<(il~4 0p?%, St«S[C»$L<(4 5 
~3 0M?%T'S5o 

[0 0 4 4] X£kTO OOiifSL^IIf 
%KBtt, k < ti 7 OJg? %WT, «t Di? $ k < 
0. 5~7 0gf%, «t$fSk<(4 1 ~4 0M?%, 
JS i £.iv5{atc»Sk<Ci5~3 0C^%T*fei.o 

[0 0 4 5] iOJB^LfcR CHXSllfi, » 

ojs* t m-D ramie tmnwi s c t &t t s «t 5 

vy?7 4iffi\&. mtvumnttu (TEOS, BS 
g> ch. c. u- (h.c. Le 

e) , J. Vac. Sci. Technol . .Vol . 16, No. 5, P. 276 
3, 199843<fctf.J. F . U^y*— (J.F. Rembetsk 
i) , Solid State Technol., Vol. 38, No. 3, p. 67. 
1995) {fe<7)M-KvX£tt5fttC < £9t#6tlfct>fO 
*»3tt*a»H:lHvcv«o coi^lc, *«W©JPv^ 
tlfkA R C-m- K^X^R : C : H : XM8Ta-f 
-OVLfrS i SJgtt, 2 4 8, 1 9 3, fc-efctn 5 7 

•<£, Lfe*^TCD*J»*5J[#-rs. CCDS i : C : 
H : X&*4fi, YO 9 9 8 2 4 5 P tLT 1 9 9 8^6 
/?2 9Hfc#S-?m!B«*ftfcA. **U7l/ (A. Grill) H 

<D fhydrogenated oxidized silicon carbon materia 

LJ (*@miSS^0 9/l 0 7 5 6 7) tCsEIS^nT 

[0 0 4 6] y^Xv • xy/^xfk 

^« (PECVD) j£K:«fc*}f*«S-a'-6Ci:^Tt 
5o Ut-CHDH&Tli, P E C V Di*tt¥ff«lffSJ£ffi 

OR«HT*«, SMSa^fffllfiP E C V DSJ5«8^<0 

TX^ffSc 

[0047] TiBa, jiss^oMffi^n^^^j^-r 
u x FT-$5o s i (ommmr-ii, s i c hsustt 

HulK^lS : iSftil 1 0 s c c m<Dy- h7^f;l/->7> 

: 2 005')F;l/ 
a«igg :60t 
IS/W7X : -2 00 V 
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[0 0 4 8] $2<Z>Hfl8JB!«Ttt, SiCOHj£SI£T 

wMWK. liSllOscc mtOTh^^^-tl^yyiC, 
ffit&2 s c cmOSfim 

stssa : 1 8 0°C 
MWU7Z : - 2 0 0 V 

[0 0 4 9] S3©HflHB!«Ttt, S i CHftK*TK 

HU^S : iSifJll 0 s c cmOh'^f-*i/7> 10 
5f5S8E*j : 2 0 05U h;U 

: 6 0°C 
StS^-T7X : - 2 o o v 

[ 0 0 5 0 ] m 4 <D%mBmZ'\,t. S I C O H &I$£T 

ffimWX. ■ ffitJI 1 0 s c c m£> h ') tf-fri/^yK, ffi 
312 s c c mOmmZ'&A 
5(S£E*| : 2 0 05'J [-/!/ 
•S^SS : 6 0 °C 

»*&'W7X : -2 0 0 V 20 
[00 5 1] msonMBMT'li, S i COH^BI^T 

\VmW& ■ 8itSl3 0 s c c m<D, 7;l/dT>J&4 1 + U 7 • 

ElSSSEJj : 2 5 0 5 'J hJl 
SfiSS : 6 0 °C 
IIA^TX : - 1 5 0V 
[0 0 5 2] m 6 ©HJSJBA&TH, S i C O Hj£H£T 

HijIg^H : 0 s c c m<D, 7^a>%*+ U 7 • 30 

fix t Lfc-f h v * f-frT- h 7 -> n +-9" > 
KCTEfi : 2 5 0 5 'J h;U 
StSSS : 1 8 0 °C 
Ifi/W77 : - 2 0 0 V 

[o o 5 3] m7(ommBmT'it, s i cohsh^t 

iitiffi^H : )5fDl3 0 s c c m(D, 7;bd'>%+^ 'J 7 • 
HXtLfcT h7^f;l/f h7->n^> 
R£SE*I : 2 0 05'J b;U 

gffifig : 1 8 0 "C 40 
lft/W7^ : - 2 0 0 V 

[ o o 5 4 ] a 8 (omm^mx'it. g e c h^^tis 

ituPfelH : )ft)§3 0 s c c m<D, 7;l/3>5;tt 'J 7 ■ 
# X t Lfcr h 7 * Wff\n y 
KISSED : 5 0 5U h;b 
StSSlt : 1 8 Ot 
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: - 2 5 0 V 

[0 0 5 5] £9©||fif§flSftgT-t±, G e C HSfteTK 

BuSBt^B : 85)13 0 s c c m<D, 7jU3>%*vV7 ■ 

fiJESE*) : 1005'Jh;V 
SffiSfi : 6 0 °C 
Ifi/UTX : - 5 0 V 

[ 0 0 5 6 ] m 1 0 ©HfflHBtfi-Ptt, GeC H O RBIS: 
BUlB^S : ffitil 1 5 s c c mitlf Y=7^)W)^y 

tc, j5iBl2 s c cmomm&x 

fiJSSEfi : 2 0 05'J h;U 
»»t : 6 0°C 
iS/U7^ : - 5 0 V 
[0057] R : C : O : X&Ufi, ¥fr«« P E C V 

?S„ coJf^, amiJ^<&fll»i:ie«Lfcfc©i:S(tt 
[0 0 5 8] iS7>oM&. I±t). ttSS 

^mstt^sft^-tts c t^Tf 5 c t team sftfc 

t5„ -IKK, ARC-A-Fvxmtfl/v'XH 
H\ A R C-a- FvX*iO*I4)t*W^7^-i' 

gJ-f3Cl t:A^f?>o CCfeftJCtt, ARC-A-F7 

Mb. &i®ffii&£i*<DK¥ w^t* e n f * jmw&b t* 

£>3o ttSti, E. ^h- (E. HechO , A. 
* (A. Zajac) 1 9 7 (Wiley) 

p. 3 1 2-3 1 3* if, WPItittfKflffKltfHS 

u*ji{&mzm^rc7)i3i) xuKms^x 

In. *f8W©^ffi£«fc*Jfflli!IL/£RCHXSBI«)« ! * 
H/^3t¥fl*£»l4, 248, 193, 15 7, I 26n 
m, fcJ:tf««JKMSlttSt©i££Ttt n = 1 . 4 4tjL 
n = 2. 6, k=0. 0 1ft^l/k = 0. 7 8<D®K* 

KfiS#LT3 5 0S^L5 0, OOOAcoraT'^tf 

K|g/M.fcJi£, DUVT'0. 154:0. 6<DF^T'feo 
ftolfffnttl. 5tZ. 3<0fflTS«|-r5o 
[Si] 
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k 


n 




Si:C:0:ll 


1.930 


0.104 


2.005 


0.332 


Si:C:0:l 1 


1.725 


0.158 


1.670 


0. 189 


Si:C:N 


1 .793 


0.081 


1 .853 


0.28S 


Si:C:II 


1 .993 


0.212 


1 .926 


0.536 


Si:C:ll 


1 .958 


0.456 


2. 004 


0.646 


Si:C.':H 


2.261 


0.323 


2.236 


0.512 


Si:C:0:II 


1.K47 


0.186 


1.750 


0.456 


Si:C:0:ll 


1 .987 


0.217 


1 .936 


"(UIO 


Si:C:>r 


2.056 


0.567 


2.133 


0.785 


Ge:C:ll 


2.532 


0.562 


2.452 


0.571 


Ge:C:Il 


1.810 


0.233 


1.734 


0.5 1 9 


Ge:C:H:0 


1 .658 


0.005 


1 .895 


0.101 
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[0 0 5 9] A R C/»- KT^^HkLTfeffifflnrffi 
K±.'i$(Dm{t'>V3>lo£r3Mm{t~>0^> (S i 0 
N) *Jfi«fi*«4^iStt» b'>*Xh«I^fL< 

(Y. h/U-Tx (Y. Trouiller) , Microelectron. En 
g., Vol. 46, No. 1-4, 1 99 8¥, p. 4 
7-5 0) o l/i/Zh(D$JX->7*ffilk?%>rclb\C 
#«£DgSSfla^rff 1 C LtfT2Z>t)\ ilMIO S 
i ONftli©3tt^14)b^fbf Sdk^, MtPtttfS^ 
C fcftHOfcjS^as*. R C H XfiJlfiUi^X h kcDffi 
5fFffltf&<, ARC)i£:LTRCHXj£gI£{gffl-f5 
C (C <fc 0 , 12 5nmi TOMi? ft »«fi#f# 6 ft 

ft. 7* HU->"XHc2tr3Cft6<DX-y^aiRttte£) 
ITfeS (fediftji, J. Vac. Sci. Techno 1 . B., 1 6 
(3), 19 9 8¥, p. 10 38-4 2), (tfH 

fz$ u ->7 ynmsttrntzt, &\t<t7 * h i>>Jx 

[0 0 6 0] RCHXMi, !S!*oa**M»7*hU 
fctt^RCHX&JBWX-y^jBfttttfl. 5-4:1 

tssctii, ia^fiT^Xv • x>y?--H;:WSLT\ 
/ n o y > t t± 7 p ts- & y<n\* >-fnfr£ fete j^Tj 

r cp^?Lx-vf-yytMe>ns7* h u^x kojs»<o 

[0 0 6 1] RCHXftffiBSft, tltv'UnyfciO'' 

• ^XTKSfSfx-yfyT'ttKflinTV^, R C 
H X&mtmiti'V 3yicOV>T»J^Lfc77>y -y h 

• x-y^yyjisti, *ttf f *itt7*i,j:a r 8M 3(DX7 

• 8fl?ffi**-r. RCH xj£KfcSffcs"J aytco^T 
SHVi£ Lfc77>y>y h • x-y^>y 4£fii;i3 



20 



30' 



40 



sit 'J =j yfc.fctfSHbS' u n >©x 7 > ytc<infc 

[0 0 6 2] *mi<Q R C H X j£§t<Dft^W, ft¥W» 

43 J: tf ajSWftttfck, 4* e>ft£H8SWDfimK iot 
SU'W&SttfcVN, 2 4 8-1 2 6nm©S 

j&&fcjie>ft&</\, 

[0 0 6 3] TIB<OlSaS0!lfi, *58WOKH*Kfla'r.* 
gttOTfeoT, *56W<DHMStiiiti6omfiffiJK:l® 
[0 0 6 4] Hjifl&J 1 

TKO^asWtt, ARC/A-KvX^it«fflt5R 

c h x&m<Dmm%;yt¥%.®Ltmfrzmz>rcib<Ditmz 

ZtlfZo ftWfi, E. (E. Hecht) . A. +r» 

•y* (A. Zajac) l"ft^J ,19 7 9^7^ 'J- 

(Wiley) ft, p. 3 1 2-3 1 3&£\ <f*PW&8tf4 

itiMW* nrv^7 u*;u^a*fflt^c7;i/Ju Xh 

HSIStf>Jfcffi^SnStWea:4V\ COS«iTi'5a 
U-hSnSfllliti, SiStS, RCHX ARC-a 

;^7^- A R C-m- Kv7.*Ji<Wt3^&n*5 

*, wsiu, iszzs&mcDmMmizzn. 2 48 

nmT'On=l. 7 8, k = 0. 0 1 8T*fe5„ 09 

2 4 8 nmT©ARC£US'Xh©i£WElC*5lt£ 
51***, k = 0. 2 5CDHSf4*^fflLT, 
ST* (n) KWrSARCOJPftOMatUT^-ro -> 

= a.U-b LfctSitti, SilS, ARC-A-F7X 

50 fffc^CfcfcgVr. fcfcfctf, J9#a<3000A?» 2 
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4 8 n m-?©JBflrS|W 1 . 6 5<n<2. 0TS5RC 
HX ARC-/\-Kv**£M*»RLfcJS£, «L 
<,>£W$©M'> (&0. 0 1) tfilJS £*i/i„ 0 l 0 
li, 2 4 8 nmT'©ARCfcU$/Xh£>J£i¥ffik:*5tt5 
E8t¥S\ A R CJ^JIM<D k fiSCftrS^ n It 1 . 7 5 
lcB5£SttfcJf£lcoi>TA R CcDIP^tDia^i: LT^; 

«fc»3$ii<A„ 10 

[0065] ktttfno. 2%rciicn&*)t>-ffrici&. 

l>ARCttWi^U\ R:C:H:X ARC-a 
- KvX*#*4<D«afc3t¥1#ttM:> 2 4 8 n mT'OJB 

wi. 65-2. o, wmmtfrno. is~m 

0. 2 2<DiBfflT'&5 0 ilOi^lC, SM3 0 00A 
W±«0ARC-M-K"7X^*ffiffl-r5Ci:t«t»)» A 
R C i: L^X heDlgWffilCfcttSKtt*©^U^Ic^ 

(0. 0 l$tt) «:jI#-r3Ci:#T**£. 

[00 6 6] 3USS$J 2 

TtaO^fiS0>Ja> ARC-/N-KvX^ttfi«D3t^a 20 
S&©T*&&IA 0 . 

[0 0 6 7] CttfcOtt^SMi, *S*U7*;l/-7 
^H+J-y^i'VV<Dn& kf^/ni/'- ?± (n & k Techno 
logy) «it<Dn&k7-f5-<Hf*ffll/'>T9J£Lfco d<0 
gmoSHWfc.fctfftf'fti, KSftflFSM 9 0 5 17 0^ 
WW (1 9 9 0$) KaettSftTfcO, 

*5j;l>*7*D^t: (Forouhi) fc7;U- 30 
v (Bloomer) #R»LfcJI£¥J£»«>ie (7*5?* A" 
Ut"a--7"^f-fy (Phys. Rev. B) 3 8, p. 18 
6 5-18 7 4, 19 8 8$) t»t3< ^ffi*ffiffl-T 

6„ E<D£o%M%<On (A) *5«fct>'k (A) (AtiiS 

ft) x^h/l/fc, ttSliJ^-rscirtiT't-r, s«* 
flj^fiiR (A) (Dxnytf'J^-^a^c.fcDftsrt 

gftffi tltWfil^ttlx-r § fcfe, 771/ J U XA*f?»f S 
C£:tfT*t&o C©aiB©J**Ott;«*^, n (A) 33 
itfk (A) X^h/l/fcftJ&TSC 
[0 0 6 8] 0 1 1 (a) tt, R : C : H : X#ft<On 
& k7^7^+f£i9$y£Lfc£*t*X^ (9 0 
0-1 9 0 n m) Ztt.Vo WJ&t* ntk ©fitt, 0 1 
l (b) lc7a-y h^txTt/^o tt*rLfcj£»E>l*W4 
8*M 5 00AT*255o 50 
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[00 6 9] cn^O^cO^MiJT'li, 2 4 8 nmT? 
nttttl. 84^6191. 85K, kti^O. 15fr?> 

mo. 2 zic^mL. mmm \ v>&.ttimttmtm£? 



[0070] mmm3 

*aL<M'>£-e«fc«>fl), (£je) rchxsi 

0j£<A7o-trX • W>FWfl ?.n5. 

*tmm (0 4) T\ JSflW (n) t.Wt<Bk&L (k) ti 

SO® £ -SCT tttf , / \- F v X * b ->"X h ©«SIMB 
TRtttt£ UftV Sif* T**. R C H XfiJl<043lB*«f 

/jpi%t*j£js£ f- t? > y-r 5 c t ic j; t) iti^s ttfco a 

1 lc, &fficnR : C : H : Xtmoft^Jtftfc^T. R 
CHXJ$IS©2 4 8 nmKfc^TJBJff^lilQ 1 . 6fr£ 
W2. 3©MT^kU l»)t«attlKj0. 01*^fi 
0. 5<D|ffl?S{fcU ttUC£r>T%m (£)E) ARC 

[00 7 1] ftH^fi, coHfiSWi, £H (£)E) A 
R c/M-Fvx^^jilcttj-'^-yffM-r^WlcS 

affiffl l t i/ >s ^*©*h a r c ic ejr-t § t n 7L 2> o 

c OHSS(5ijT-(i, S f JB 7 (DMffiBMT-im L rcffla* 
tt^fflLT> n = 2. U k = 0. 5£D, f*^3 0 

ooa©£H£s i m^±icum^r^k. m3(onm 
mmvtmLtcmm^^m lt. n = i . 9, k = 

0. 2 50, ff#tf2 00A(0&K*tt*£-£fco 01 
2t±, 2 4 8 nm(C*3l-'Tn= 1 . 7 5, k = 0. 2 1 
£0¥HR CHX^BI©, AR CtUi/XhOmnmctS 
tt£K#t¥ (01 2©H®) <t, ±8HODnte«fcl/kf6* 
WTSSJE (^H) R CHXjS9i©Slt* (01 2©jS 
«) *^fo BfiERTfllft (^«) A-K7X^^gfflt 
SXeiCtO, gU^J5!t*©M'> (*50. 00 1) 
i:, /N-FvX^Oif*tC^-r5^14*^fi!c?n5o 

2 4 8 nmtt5lt5 S i CSKf»0. 7TJ55ft 
16, SipSOM^ 

[an 



«V0.7/0.001=26 

fffftns. ??»tc, (43E) ARC/a-KyX 
[00 7 2] HfififlflJ 4 

TI2©Hj56^J(±, it^LfcU^X HSCARC-A- F 
TX^HfcLTORCHX ^ffijOtt fl6**-T fztb<Dt><D 
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T*£3o TSEOHfififllttSfc. R : C : H : X&«Lfc 
ARC-M-Kv^^«fi%ffifflLy c O. 2|imWTO 

H*JB9n?a^fc«J:5t, RCHX?fJI?:8" (2 0c 
m) ©*x-/\fc:f**Stt;fc. flQIEOD U V U^Xh^ 

DXf'^^ffflLtJ^ 8mJ/crn ! OlIT2 4 

Stl/^ h£L D D 2 6W-> y7W (Shipley) M 10 
fcSHTStftLfco HI 3«, PECVDtttJ^ftf 
b5**il''>5V&WLt<D* ISOnmL/SIIU; 
DU VUi/X h<D7a7 7"OK£>»rffiS EM®T\ 
X h i: R C II Xfk\$(D&m\\lC?mtfft^£ tZifito 
DU VUi>'X h«DJP#{±8j3 4 0 0 AT'&D, RCHX 

(TMS) fiBS<DJ?#{itf| 2 4 0 0ATS4. 

[0 0 7 3] HSS$J 5 

<DjlUV7* hU-^h • vx^tciO R : C : H : X 

ttn*/\5i--yi?-tz>mi]**-t 0 hi 4Tie.ns 20 

£9(c, «f§ftg/:14i:> 7* H/S>*hfcttLT 1 . 
2<DmW<zWR l &*mtZ>n-frft2 4 0 nm£DRCHX 
JkimciStfZ 1 5 0 nraC^y • 7>K • X^-XW 
7-r-f-f £8§<«SEg7"7Xv • x-v^ + ^TVNDy 
y£;rc«7/l/*a;&-*y£±tt^£#x£<lfflL 
/Co 7*hbv'Xhfcg8LT4^r@^€)7-7yy>y h ■ 
x-y^jIM£#\ flH&ttOffil^T'vXv • X-yf-yytC 

[0 0 7 4] ft'hx-yf- • /W7XT'f#P>n^Sa7a 
77-Ol/t> ggft->'Ja>, gfti/y ayftifo-flSW 30 
ftSISTO (i»J6T$^5<fc9ft) fcft-TSftftft 
itx'y^>7'14{c £ fc'3, R : C : 1 1 : XW^h"? 
X?0ffi^ft|£*iT*fcSo 

[0 0 7 5] Hfiltfi] 6 

CcDflffiWi, ffi(k-> 'J n VtJil/gfti/ 'J =1 >CDX-y 

R : C : H : XTOOlS4ix>y ^V^tt***. 0 
1 5teg#jLfc2-Q<Dgft377Xv • tfXtCttfSR 
C H XAKt»ftS/y =J>(CO^T)ii|^Lfc77y^7 
h -X-y^JIgti, ^n j e-*n^7*5«tQ"*»J 1 3(DX7f 40 
2ItRtt£*-f 0 R C H XftMfcSBfbS' U ^ >fcO^T»J 
5IL-0 1 6(cSLfc?'7>7"'y h • x>y^-jlg&i, 4£ 
mz.%*v?mm&*7jiTo cor-fli, R : C : 
H : XW^S(DX-y^>y(C^LTffi^^/N- FVX 

[0076] nt&m i 

TE©**flf(Ttt, 1 ootmi: 1 -aoiiS^glcf 
5, Mfft/cRCHXSI«t^X+-^ 
IftBfl-rSo C«J|^©R C H XSIli B A R CfciOl 
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fc-T. 7* h U-7X h • K«fi7'7Xv • 

X7ftt'C li#X*{£fl3LT, f**SH*fcRCHX 
&§l»i:Witt&<<E^SnS. Cfttt, X-y^>?V)jI 
«?WTaSfiKS^ttOfirKt«k!3Prfl6i:a5 (Hi 
4) o Zf^y^ry hR CHXJ£IU)7* hb->*Xh'\<D 
8«?tt*tMj2Ta&SCfc«\ «©BARC«7thU 

ftRCH XJSMfcOa^tt^+^SlV^iilffeS. Xg 
£»<D«f-£H 1 7 icfitW*. 
[0 0 7 7] &H0IJ8 

tl(i, 01 8tg^Sntl^„ 7*hUv'Xh-/<* 
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